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Introduction

Large amounts of arsenic contamination, in excess of 2000 ppm, have been found in
some residential surface soils in northem Denver, Colorado (USEPA, 1999). Associated with
the arsenic are elevated levels of metals such as lead, cadmium and mercury. Potential sources
of this contamination include waste from smelters in the area and commercial herbicide
containing arsenic trioxide and lead arsenate (USEPA, 1999). As a part of the U.S.
Environmental Protection Agency’s Vasquez Boulevard-1-70 Project (VBI70 project; USEPA,
1999), lead isotopic analyses of selected soil samples, smelter waste, and a commercial
herbicide and a cornmercial lead arsenate pesticide have been performed in order to constrain
the possible sources of elevated lead, and by proxy arsenic, found in these residential soiis.

The isotopes of lead can be used as a natural tracer in determining sources of
contaminants in soils and stream sediments (e.g. Church and others, 1997; Fey and others,
1999; Uniuh and others, 2000). The element lead (Pb) consists of four naturaily occurring and
stable isotopes, ®Pb, **Pb, *’Pb, and ®*Pb. Three of these, **Pb, *’Pb, and **Pb are
radiogenic decay products of naturally occurring 22U, 2°U, and ®Th, respectively. Owingto-
variations among the U/Pb and Th/Pb elemental abundance ratios among different types of
geologic materials, variations in the refative abundances of the Pb isotopes are produced
among different matenals during geologic time.

In order for the Pb isctope method to be useful for determining possible contaminant
sources, two important cdteria must be met (e.g. Church and others 1997): (1) R must be
possible to obtain and measure the Pb isotopic compositions in all potential contaminant
sources and in uncontaminated material and (2) the Pb isotopic compositions of the potential
contaminant sources must be distinctly different from one another and from uncontaminated
background. Variations among the Pb isotopic ratios in selected samples ¢an be correlated with
potentiai sources of Pb with known isotopic compositions in order to determine the relative
contribution of Pb from a specific source 1o the sample.

The purpose of this study is to use Pb isotopic data obtained from a selected subset of
samples to determine the Pb isotopic signatures of uncontaminated soils as well as those of
potential sources of contamination. The data will eventually be used in conjunction with other
geochemical data to help detemmine which source or sources of contamination are most likely
responsible for the elevated arsenic levels in the residential soils.



Analytical Procedures

Chemical Procedures

Lead isotopic analyses of natural materials are obtained using anion-exchange, solid-
liquid chromatography and thermal-ionization solid-source mass spectrometry. Samples were
received as sieved soils from USEPA. Samples were digested in nitric acid and hydrogen
peroxide in accordance with Section 7.2 of method 3050B, EPA SW 8486, revision 2
(USEPA, 1992). lon exchange and mass spectrometry procedures are similar to those
reported by Tatsumoto and Unruh (1976) and Fey and others (1999) with minor modifications
to accommodate a larger sample size and the metal-rich nature of the samhles. A detailed
description of the chemical procedures may be found in Appendix 1.

Samples were loaded onto single rhenium filaments using the conventional silica g'el-
phosphoric acid technique (e.g. Tatsumoto and Unruh, 1976}, Mass spectrometry was
performed using a VG Sector-54, 7-collector, solid source, thermal-ionization mass
spectrometer operated in “static” mode. Data were acquired with the “Sector 54, version
3.974” software package provided by the manufacturer of the mass spectrometer. All samples
and standards were run using collectors L1, H1, H2, and H3 for *'Pb, **Pb, *’Pb, and *®*Pb,
respectively.

Quality Assurance and Quality Control (QA and QC)

Samples were initially submitted by USEPA to the analyst without context. Although
Pb contents were provided so that the appropriate amount of sample could be processed,
the nature of the sample (soil, herbicide, smelter waste, etc.) and the arsenic contents in the
samples remained unknown to the analyst until after the first draft of this report was compieted.
Additional information was then provided so that this report could be completed in a

. comprehensive manner.

After the first draft of this report was submitted to USEPA for review, fourteen additional
residential soils were selected for analyses. Samples were received by the analyst in April
and May of 2001. These samples were selected jointly by USEPA and USGS personnel to
encompass the complete ranges of lead and arsenic contents within the soils. Included within
these additional soils were five samples from a single residential property. These were
selected in order to test the validity of simple mixing models.

Quaiity Assurance and control procedures and results are provided in Appendix 2. The
principal source of analytical uncerainty in lead isotopic analyses is from correction for mass
fractionation induced during mass spectrometry. Mass fractionation was monitored using NIST



standard SRM-981 (Cantanzaro and others, 1968; Todt and others, 1993). A second NIST
standard, SRM-982 (Cantanzaro and others, 1968; Todt and others, 1993) was measured as
a check of the correction procedures (Appendix 2).

Two Pb blanks were determined during the course of this study, one for the acid and
hydrogen peroxide digestion procedure alone and one for total chemistry of a 1 ml aliquot from
the acid digestion (Appendix 2). The Pb blank for the acid digestion was 0.3 ng (10° g) and
that for the total chemistry was 0.09 ng. These values comrespond to less than 0.004% and
0.02% of the lead in the total samples and solution aliquots, respectively. Consequently, no
blank correction was applied to the isotopic data (see Appendix 2).

Three types of replicate samples were analyzed; (1) Blind duplicates submitted by
USEPA, (2) Replicate acid-hydrogen peroxide digestions of the same (digestion replicates),
and (3) Replicate loads of the same sample from a single chemical procedure (mass
spectrometry replicates). Resulis for the raplicate analyses are presented in Table 2, and
Appendix 2 (Tables A2-3, and A2-4),

Chain of Custody (COC)

Samples were handled in accordance with U.S. Geological Survey chain-of-custody
procedures {(Murphy and others, 1997). Samples were received from the USGS sample
control custodian in a sealed box by the analyst and were hand-carmied to the laboratory where
they remained for the duration of the study. The laboratory is secured with a combination lock
with a combination known only to the analyst. Individual samples were enclosed in bags
sealed and dated by USEPA. The analyst found all seals to be intact upon receipt.

The mass spectrometer used to acquire data was secured with two padlocks to lock the
sample access door. The computer that was used to reduce the data was also secured with a
lock supplied by the manufacturer that prevented access to the keyboard. Both the mass
spectrometer and computer were kept locked at all times during the study and all keys were
retained exclusively by the analyst.

Analytical Results and Discussion

Lead Isotopic Compositions

A total of thirty-four selected samples were analyzed for lead isotopic compositions.
These included twenty-six residential soils (plus two blind duplicates), one procedural blank,
two soils from a local smelter, and one sample of smelter waste from the same smelter. Also
analyzed were a sample of “PAX”, an arsenic trioxide plus lead arsenate herbicide that was



commercially available during the 1950's through the early 1970's, and a sample of Acme
brand lead arsenate pesticide that was also commercially available duting this time frame.

Sample numbers and sample types as well as lead and arsenic concentrations for the
samples are summarized in Table 1 (USEPA, written communication, 2000, 2001).
Residential s0il samples are listed high-As, intermediate-As or low-As and as either “focal” or
“adjacent”. Focal samples are those that were collected from a specific property, whereas
adjacent samples were collected from property adjacent the specific property. Adjacent
samples all show relatively low As levels (Table 1).

Lead isotopic data for the samples are shown in Table 2. Each entry represents a
separate mass spectrometer run. Entries with identical sample numbers are mass
spectrometry replicates measured from a single processed aliquot of sample. Entries with the
same sample number but different suffix letters (e.g. 642B-A, 642B-B, 642B-C) are
digestion replicates obtained from separate acid and hydrogen peroxide digestions of the
sample.

Both the raw data and data corrected for mass fractionation are shown. The precision for
the raw data is given as the percent standard error (1 S.E. = 1 sigma-mean} calculated by the
on line data-acquisition software. Analytical uncertainties for the comected data are shown as
absolute values and are calculated at the 95% confidence interval (C.1., Ludwig, 1994).
Weighted mean values, also calculated at the 95% C.I., are shown for the mass spectrometry
replicates and, where appropriate, grand mean values are calculated for each sample from the
means of the digestion replicates. The mean values for the individual samples are shown in
bold type in Table 2. .

The lead isotopic data are summarized on conventional “*Pb/”™Pb vs. #’Pb/”**Pb and
2ephAPb vs. #PhA%*Ph diagrams in Figure 1. Each data point represents the mean value
for an individual sample (Table 2} and data are coded according to their Pb contents (Table 1).
The data yield moderately well correlated linear arrays with ° = 0.854 and 0.812 for the
26pb2MPh vs. 27PbAMPb and *®*Pbl¥Pb vs. **Pb/”*Pb diagrams, respectively
(unweighted; # is defined by the plotting software, Deltagraph 4.0, as the square of the
regression comrelation coefficient). Also shown by error ellipses in Figure 1 are typical analytical
uncertainties for a single mass spectrometer run (x 0.09% for “*Pb/”*Pb, £0.13% for
27Pp/2%Ph, and +0.18% for **Pb/”**Pb).

Samples with the lowest Pb contents are characterized by radiogenic Pb (**Pb/*Pb >
18.4) and slightly elevated *®*Pb/”Pb relative 10 the other samples. Residential soils with the
highest Pb contents form two distinct clusters; one with 2*Pb”*Pb > 18.5 and one with
206pp/2Ph « 18.0. The data from the remaining residential soils plot between the extremes
defined by the low-Pb and two high-Pb groups.



Table 1. Sample numbers, sample types, and lead and arsenic concentrations
in_selected samples from the VBI70 study.

Sample Number EPA Code No. _ Sample type Location' As ppm® Pb ppm®
3-15639-B 3-15669-R Acme brand Lead Arsenate 273000 128000
3-15641-B SC-00006 High-As residential soil Focal 836 1490
3-15642-B SC-00010 Intermediate As residential Focal 173 422
3-15643-B $C-00011 Smelter Site soil 22400 4520
3-15644-B SC-00017 Low As residential soil Adjacent 9 39
3-15645-B SC-00018 Smelter Site soil 27200 5660
3-15646-B SC-00023 Smelter material 7630 2160
3-15647-8 5C-00025 Low As residential soil Focal - 24 126
3-15648-B SC-00027 Intermediate As residential Focal 185 115
3-15649-B SC-00039 Low As residential sofl Focal 25 92
3-15650-8 8C-00046 High-As residential soil Focal 1490 1560
3-15651-B SC-00048 Duplicate 1490 1580
3-15652-B SC-00048 High-As residential soil Adjacent 35 261
3-15653-B SC-00065 Baseline soil Focal 7 101
3-15654-B SC-00065 Duplicate 7 101
3-15655-B SC-00068 High-As residential soil Adjacent 15 151
3-15656-B SC-00084 Intermediate As residential Adjacent 23 175
3-15657-8 8C-00104 High-As residential soil Focal 1490 1140
3-15655-B SC-00099 PAX . 120000 24300
3-15659-B Prep. Blank n.d. nd.
Samples received 4/01-5/01

3-13569-B High-As residential soil Focal 1492 409
3-13989-B High-As residential $oil Focal 204 302
3-02246-B Low As residential soil Focal <11 1658
3-10319-B Low As residential soil Focal 48 1469
3-12524-B - High-As residential soil Focal 1135 794
3-12820-B inlermediate As residential Focal 242 607
3-01182-B Low As residential soil Focal 14 720
3-00748-B intermediate As residential Focal 409 633
3-10740-B Low As residential soil Focal 23 884
Samples from a single residential property

3-12152-B L.ow As residential soil Focal <11 1730
3-12040-B Low As residential soil Focal <11 2586
3-12039-B Low As residential soil Focai 15 413
3-12035-B Low As residential soil Focal 26 824
3-12151-B Intermediate As residential Focal 221 540

'Focal samples are those collected at the site indicted by the sample type. Adjacent samples are those
coliected adjacent to the indicated sample type.

2 As concentrations provided by USEPA (written communication, 2001).

3 Pb concentrations provided by USEPA {written communication, 2000; 2001).




Table 2. Lead isotopic compositions in acld digestions of selocted soils samples from the Vasquez Bivd.-I70 Project.

Haw Data' Corraclod 1or mags fractionation®
Lab No/EPA No.! _ Pb ppm Type H“phPh % S.E. PBAPb % S.E. ™PbF*Pb % S.E. SPH™Ph RIphpi Ph™Pb MPh™Ph HPh/Ph
1-18630-B Ph Arsenate
3-15660-B
8398 10,0453 0.0016 0.86089% O.0007 210038 00010 16.075 + 0.0i8 0.86158 1 0.0DO3T 2.1037 + 0.0018 15573 £ Q.021 38.024 £ 0.067.
8390 10,0497 0.0027 0.060973 00010 210094 0.0018 18.079 £ 0.016 086166 2 0.0DD3T7 2.1042 2 0.0018 15578 2 0.021 38.043 + 0.067
6308 10.0303 0.0020 0860519 00008 209880 D0.0016 10.060 2 0.019 0.86120 + 0.00037 21021 1 00018 15553 2 0.021 37.965 + 0.067
Msaan 128000 16.074 = 0.00 0.66148 = 0.0DD4A 21033 x 0.0010 15580 £ 0.023 36.009 & 0.038
3-15841-B Rea, Soit
$C.00006 )
s418 17.8760 G.0030 0667917 0007 210752 0.0009 17.906 + 0.018 0.86B6+ + 0.00037 2.1108 x 00018 15.553 1 0.021 37705 £ 0.067
6410 17.0968 00072 0.068347 0,001 2.10009 0.0084 17.920 2 0.017 0.86906 & 0.00039 21133 £ 00019 15.582 & 0.021 A7.690 x 0.067
84tb 17.80856 0.0033 0.067846 000080 2.10613 0.0008 17.895 ¢ 0.018 0.86834 & 0.00037 21084 : 00018 15.539 & 0.021 37.748 = 0.067
Mean 1490 17.910 £ 0.03% 0.86887 = 0.00083 2.1112 * G.0048 15.558 x 0.050 37.612 = 0.163
3-15642-8 Rea. Sall
SC-00010
642B-A 182084 00031 0654041 00004 200149 00024 18,236 = 0.017 0.05472 + 0.00037 20847 £ 0.0018 15587 = 0.021 38.201 £ 0.097
B6428-A 10.2280 0.0064 0054359 0.0023 2.08M44 0.005) 10.256 1 0.017 0.85504 + 0.0D037 20967 + 00018 15810 = 0.021 38.278 £ 0.0B7
5420-A 18.2150 0,0083 0854018 00026 209192 00045 10.245 + 0.097 0.85470 x 0.0D037 2.0852 + 008 15504 + 0.021 38.227 2 0087
G42B-A 182198 0.0063 0.053997 00025 2.00185 0.0054 18.250 & 0.007 085460 1+ 0.00037 2.0851 + 00018 15.590 2 0.021 38.235 = 0.087
642B-A 18.2204 0.0127 0053709 00020 200137 0.0044 18,258 + 0.018 0.85439 & 0.00038 2.048 £ 00018 15600 2 0.021 38.245  0.067
Maan 18.249 : 0.007 0.85471 + 0.00021 20053 + 0.0008 15590 + 0,009 38.237 + D029
642B-B 181881 0.0041 0.854971 00M3 200204 0.0015 18218 £ 0017 0.85565 + 0.00037 2.0881 £ 00018 15580 1 0.021 38.187 x 0.087
6428-0 1820308 (00043 G.A55249 00020 208467 000423 16.224 2 0.017 0.85603 £ 0.00037 20079 + 0.0018 15809 « 0.020 AB.253  0.087
6428-B 1814755 00023 0854746 0000 200143 00017 14.205 & 0.016 0.85543 + 0.00037 20547 £ 00018 15573 £ 0.020 30.135 £ 0.067
Meaan 18.219 =+ 0.0 0.85570 2 0.00065 2.0982 + 0.0038 15.590 & 0.03% 31 £ 0,128
6428.C 182174 00016  0.854590 00006  2.00349 0.0006 18.247 1+ D.HE 0.65527 x DO0O37 2.0968 £ 00018 15.607 + 0.021 30.260 + 0.067
6428-C 182150 00021 0.854463 00009 209280 0.0018 18.245 2 0.0M7 0.85514 1 0.00037 2096t + 0.001H 15602 1+ 0.021 38.243 & 0.067
8428-C 182080 0.0015 0854244 0.0006 200198 00009 18.238 = 0.016 0.85492  0.00037 20952 £ D.0018 15592 = 0.021 38.219 £ 0.067
Mean 18.243 + 0.009 0.85511 x 0.00021 20960 + 0.0010 15600 = 0.012 30.237 £ 0.028
Mean 6420 A-C 422 18.242 + 0.020 0.65508 = 0.0008B4 2.0056 = 0.0008 15.589 = 0.007 30.238 + 0.023
3-13643-B Smetier Soll
SC-00011
6438 18.1681 0.0023 0.855456 0.0010 2.08202 00020 18.196 1 0.016 085014 & 0.00037 20953 + 0.0018 15578 : 0.021 368126 & 0.067
84238 18.1539 0.0037 0.855205 0.0011 2000848 00M% 1B.184 £ 0.017 0.85549 1 0.00037 20939 + 0.0018 15563 £ 0.024 30.076 = 0.087
Mean 4520 18,180 £ 0.011 0.05801 £ 0.00026 2.0946 £ 00013 15.570 £ 0.014 368.101 = 0.046
3-15844-B Res. Soll
8C-00017
G446-A 16.4188 00026 0.844483 0.001t 209277 0.0014 10.449 £ 0.017 0.84516 £ 0.00037 20960 £ 00018 15592 + 0.021 38.670 £ 0.068
8448-A 10.4243 00037 0.844582 0.0012 209333 0.0027 10.455 & 0.017 084525 £ 0.00037 2.0866 x 00018 15599 + D021 38.692 » 0.068
Mean 10.452 « 0.012 0.84521 £ 0.00025 2.0963 + 0.0013 15585 + 0014 38.681 » 0.046
G44D.B 18,4670 0.002¢ 0841463 00010  2.09140 0.0021 10.497 + 0017 84213 2 0.00036 2.0847 + 00018 15577 £ 0.021 38.746 + 0.060
844B-C 145792 00062 0839810 00025 210998 0.0052 18.610 1 0.017 0.84048  0.00037 21133 £ 00019 15641 £ 0.029 39.328 1 0.069
Mean 8446 A-C ki1 18.52 + 0.20 0.8426 + 0.0061 2401 ¢ 0.029 15,504 + 0.080 36.82 2 0.90

10



Table 2. Contd,

Raw Dats' Corractad for maas fracticnation’
Lab NO/EPA Mo  Pb ppm' Type  “Pb/™Pb % S.E. "Pb/™Pb % S.E. "™Pb *Pb % S.E. i o RPh™Ph PR *Ph PP PL™Pb
2.15645-8 Smetter Sod
SC-00018
6450 100519 00022 085782 00007 209510 0.0009 18.122 + 0.016 0.85652 + 0.00037 20984 £ 0.0010 15.568 + Q021 38.028 = 0.067
g450 180041 00027 QO5TE4Y QO00Y 208515 Q0009 183121 £ 0,016 0.85853 + 0.00037 20984 + 0.0018 15557 + 0.021 38.025 £ 0.067
Mean 5860 18,122 £ 0.011 0.63882 x 0.00026 20984 + 0.0013 15557 = 0.014 30.028 * 0.046
3-15646-B Smeler
$C-00022 Matorial
8468 18.0984 0.0022 0057802 0.0007 200641 Q.0015 19.128 £ 0.018 0.85849 ¢ 0.00037 20997 £ 0.0018 15563 = 0.021 38.063 + 0.067
6468 19.0898 0.0041 0.857609 0.0009 ' 208536 00016 18120 £ 0.017 0.85029 : 000037 20886 + 0.0018 15552 + 0.024 38.026 = 0.087
8468 10,0876 0.0058 (.85762% 0.0011 209541 00012 18,117 + 0.017 0.65830 1 0,00027 2.0987 &+ 0.0018 15550 + 0.02% 36.023 1 0.087
Moan 2160 16.122 2 0.000 085836 + 0.00021 2.0980 = 0.0010 15.558 + 0.012 38,037 £ 0.038
3-15647-8 Res. Soil
SC-00025
8478 19.4147 0.0013 0845385 00007 208550 (.00 18.445 = 0.017 0.84606 1 0.D0036 20887 £ 00018 15606 £ 0.021 38.527 1 0.068
647B 18.4188 0.0034 0845532 0.0011 2.08835 0.0012 18.449 1 0.7 084621 £ 0.00037 2.0896 x 00018 15612 + 0.021 38551 £ 0.068
Meaan 126 18447 z 0.012 0.64613 + 0.00023 20891 2 0.0013 15.609 £ 0.014 38,539 £ 0.046
3-156448-8 Rea, So
SC-00027
84e8 15 18.3706 00125 0.846401 0.0031 208402 0OD59 18.410 = 0.018 0.84708 = 0.00037 20073 = 0.0018 15.565 = 0.021 30.426 x 0.080
3-136840-B Ras. Soil
SC-00020
6498 18.3648 Q.0017 0.848388 00006 209495 0.0010  18.395 1 0.017 0.84908 1 0.00037 2.0882 £ 00018 15810 + 0.021 38.597 1 0.008
6498 183445 00034 0.047974 00013 209255 0.0023  18.375 1 0.017 0.64865 £ 0.00037 2.0058 + 0.0010 15.594 + 0.021 38.510 £ 0.068
6498 18.3865 0.0038 0.048447 40010 206514 00000 18.297 1 0017 084912 ¢ 0.00037 2.0084 £ 00018 15.621 = 0.021 J8.604 & 0.068
Mean 92 18,389 £ 0.024 0.64894 = 0.000499 20873 z 00031 15811 20020 36,570 = 0.108
345650-8 Res. Soil
SC-DDOM
6508 12,7702 00018 0873614 00006 2113313 0.0007 17.800 £ 0.016 0.87431 1 0.00038 21165 + 0.0018 15662 « 0.021 7672 + D066
6508 17.7698 0.0030 0873548 00009 21130 00012 17.799 £ 0.0M8 0.07424 1 0.00038 21164 £ 0.0018 15561 = 0.021 37.670 £ 0.066
6508 17.7741 0.0032 0873617 00M2 241347 00023 17.603 1 0.8 G.87431 + 0.00038 21168 + 0.0018 15566 ¢ 0.021 J7.686 x 0.0668
Mean 1560 17.801 = 0,009 0.87429 1 0.00021 21166 £ 0.0010 15.563 = 0.012 37.678 £ 0.000
3-15631-B Res. Soif
8C-00048 DUP
651B 17.7556 0.0025 0874082 00012 211399 00013 17.785 = 0.016 0.67478 + 0.00038 21173 £ 0.0048 15558 + 0.021 37.856 £ 0.066
651B 17.7892 0.0070 08744190 0.0024 211506 00055 17.799 2 0.017 0.87512 £ 000038 21133 1 0.0019 15576 = 0.021 Jr.720 £ 0.066
as1B 17.7534 0.0008 0.8739B4 00001 211345  0.0018 17.783 + 0.016 0.8746B 1 0.00030 21166 £ 0.0018 $5.554 = 0.021 I7.642 » 0.058
Maan 1560 17,769 & 0.008 0.87486 2 0.00022 21179 + 0.0028 15.563 = 0.012 36.673 2 0.037
3.15652-8 Res. Soil
SC-00048
a52n 18,3237 0008 0949612 00007 208176 (.0010 18.354 = G017 085020 1 0.00037 2.0850 + 00018 15,608 + 0.021 38.260 + 0.067
6528 18.3184 0.0024 0849428 00010 2.03098 00021 18.347 2 0.017 0.85010 £ 0.00037 2.0842 £ 0.0018 15597 + 0.021 30.238  0.067
Mean 261 16.951 « 0.012 085019 x 0.00026 2.0049 = 0.0013 15,601 + 0.014 38.253 + 0048

n




Table 2. Conid,

Rew Data’ Corracted far mass fractionation’
Lab No/EPA No?*  Pb ppm* Type ™Phi™Pb % 5.E. *'Pbf™Ph % S.E. P Pb % SE. *Ph™Ph FPhPhL i i i "} MPh2p, Ph™Ph
2-15653-B Basaline
SC-0006% Soil
£53p 10.3400 00024 0.B46355 0.0007 208585 0.0000  10.490 2 0.017 0.04703 £ 0.00037  2.0891 £ 0.0018 15504 2 0.021 38461 » 0.068
530 183816 0.0032 0048356 00010 20857t 00019  18.492 1 0.017 0.84703 & 0.00037 2.0830 = 0.0018 15505 2 0.021 35,462 1 0.088
g5an . 103860 0.0020 0846417 00012 20883t 00026 18416 £ 0.007 0.84709 < 0.00037 2.0898 + 0.0018 15,600 £ 0.021 38.482 1 0068
Mean 0 18.413 2 0.000 0.84705 = 0.00020 2.0882 x 0.0010 15596 £ 0.012 30,468 £ 0.038
315654-B Basaline
SC-0008s DUP Sail b
8548-A 18.8272 00048 0627089 00022 204638 00048 10859 1 0.017 0.82775 + 0.00038 2.0496 1 0.0010 15.810 2 0.021 3B.651 + 0.080
8546-A 1B.8467 D.OORY  0.H27ILI DODOE 204705 000M4  18.678 2 0.0t7 0.82804 & 0.00036 2.0511 & (.00 15.632 1 0.021 30.721 + 0.068
854P-A 19.8414 0.0026 0.827372 00013 204786 00026 18872 £ 0.017 0.62803 + 0.00030 20541 £ 0.0018 15627 2 0.021 30.708 1 0.068
Mean 18.869 + 0.010 0.82794 2 0.00021 20506 + 0.0010 15623 + 0.012 30.683 = 0.039
6548-B 18,4205 D005 0.844454 00012 200540 00018  18.450 £ 0017 0.84513 2 0.00037 20887 1 0.0018 15600 £ 0.021 20.556 & 0.060
€54P-C 19.4232 00075 0.845602 0.0014 208653 00012  18.454 £ 0.017 0.84827 £ 0.00037 20898 + 0.0018 15619 & 0.021 39.584 1+ 0.060
654B-D 184850 00029 0.843481 00011 208544 00018 18496 + 0.7 0.84416 £ 0.00036 20867 1 0.0018 15614 £ 0.02 30.633 £ 0.068
654B-E 18,3547 0.0023 0847887 00008 208618 Q0016 16,385 2 0.017 0.84836 % 0.00037 20894 5 0.0018 16597 1 0.021 38.414 3 0.068
654B-F 16.4201 0.0016 0844134 00000 208531 00015  18.460 + 0.017 084481 2 0.00036 200086 £ 0.0019 15.505 + 0.021 38.554 2 0.068
Mean 6548 B-F (13} 18.451 = 0050 0.8458 + 0.0020 2.0880 + 0.0008 15.605 = 0.009 39.544 = 0.0808
3-15685.9 Res. Scll
SC-00069
655B-A 18.2694 00018 0651880 00007 208647 00014 18300 + Q.047 0.85256 1 0.00037 2.0897 1 0.0018 15601 + 0.021 a30.241 £ 0.087
6558-A 16,2648 00017 0651734 0.0004 200504 CO0I0 10295 : O.0M7 0.85241 2 0.00037 2.0892 1 0.0018 15595 1 0.021 38,222 + 0.067
Mean 18.267 £ 0.011 0.0524% £ 000020  2.0884 = 0.0013 15568 2 0.014 38,231 £ 0.048
6558-B 182623 00025 0.850617 00006 208327 0005 18312 £ 0.047 0.85129 + 0.00037 20865 + 0.0018 15.6689 1 0.021 39.200 + 0.067
Mean 6550 A.B 151 18,303 £ 0073 08519 « 0.0073 2,088 1 0.017 15.505 £ 0.0%4 30,224 = 0.037
2-15056-B Res. Soil
$C-00034
6588-A 18.4515 00035 0844073 00017 206787 00035 18482 £ 0.007 0B4475 + 0.0D0F7 2.07142 £ 0.0018 15613 1 0.021 30,280 1 0.087
6568-A 10,4470 00024 0844073 000080 206751 00018 18478 : 0.7 0.84475 2 0.00038 20707 & 0.0018 15.609 1 0.021 39,264 2 0.087
6508-A 18,4502 00032 0844119 00011 206803 00011 18481 £ 0.017 0.84479 + 0.00028 20713 & 0.0018 15612 1 0.021 39.278 £ 0.087
Maan 18.480 + 0.010 0.84476 + 0.00020 20711 £ 0.0010 i5611 2 0.012 308.274 = 0.000
8568-B 179540 00021 084078 00008 200423 00045 17985 2 0018 080567 4 0.00037 20078 » QOMN8 15560 2 0.02% A7.722 2 G007
6568-C 195411 0.0042 0840001 0019 208803 00041 10572 2 0.017 0.64076 + 0.00037 20722 + 00048 15614 £ 0,021 38,403 = 0,068
85680 185719 0.0020 0.046075 00013 2086935 00027 16402 + 0.017 0.B4755 x 0.00037 20726 £ 0.0018 15.567 + 0.021 38.140 £ 0.067
856B-E 10.3050 0.0036 0045058 00014 206725 00028 394268 1 0.017 0.04663 2 0.00037 20705 2 0.0018 16.800 £ 0.021 28.151 £ 0.087
Maan 6668 A, C-E 175 1847 2 0.12 0.5449 =+ 0.0042 2.0714 1 0.0007 15.807 & 0.008 3926 2 025
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Table 2. Contd.

—Raw Data’ Correcied for mass frectionatlon’
Lab No/EPA No.”  Pb ppm' Type ™PbFf*Pb % S.E. "'PhFA"Pb % S.€. ™Ph/™Pb % S.E. Pt ™Pb  Phy™<Pty XPh/~Pb *Ph™Ph ™Pb™Pb
3-1565T-B RAas. Soil
SC-00104
6578-A 17.9771 00020 0868080 0.0007 210983 00010 17.907 £ 0.0M6 0.86957 1 0.0D037 21131 £ 0.0018 15571 £ 0.021 37.839 = 0.067
B57B-A 17,0647 0.0017 {.86BG28 0.0006 2.10861 000147 17.694 £ 0.018 0.86932 1 0.00037 24119 £ 0.0018 15556 £ 0.021 AT £ 0067
Mean 17.900 x 0.011 0.06844 = 000026 21138 £ 00012 15.563 = 0.014 Ar815 + 0.048
65700 178650 0.0020 0.86%417 00006 211025 DONS 17894 x 006 087011 2 0.00007 2.1195 £ 0.0M18 15570 2 0.021 37.821 2 0007
Mean 6578 A-B 1140 17.099 £ 0.008 0.8690 = 0.0040 21126 £ 0.0010 15.565 = 0.011 37017 2 0037
3-15650-B Pax
SC-00099
8588 17.1742 0.0D48 0900857 00010  2.14007 (0042 17.203 £ 0006 0.90157 1 0.00039 2.1434 £ Q.09 15509 £ 0.024 36.872 + 0.085
a58B 17.1802 Q0045 0900285 C.0012 214095 00029 17.209 2. 0016 0.20168 2 000039 2.1443 £ 0.0 15517 2 0.021 36.900 2 0.085
Mean 24300 17.206 =« 0.011 0.901562 x 0.00027 2.1438 = 0.0012 15513 =« 0.014 18.886 £ 0.044
3-15850-B prep. blank
ne.
6598 16.0854 0.0038 0.859095 0.0013  2.10764 0.0029 16.115 2 0,018 0.85978 : 0.00037 21111 = 0.0D18 15575 + 0.02t 30.244 & 0.067
4598 10.0961 0.0025 0059319 0.0010 210860 0.0020 10.1268 + 0.016 0.86000 + 0.00037 21120 * D.OD1B 15.588 + 0.02t 30.282 & 0.067
Mean nd. 18.120 x 0.011 085989 + 0.00026 21116 = 0.0013 15581 = 0.014 A8.263 x 0.046
Samples Recelved 4/01-5/01
3-13566-B Ras. Soll
5608 17.0083 00032 0BE7080 O.0MS5 240132 0.0028 17937 + 0.012 0.8B773 « 000038 24047 « 0LODI5 15565 = 0007 37753 = 0054
5608 179966 0.0031 0.666801 00043 209960 0.0027 17925 + 0.012 086747 + 000038 21031 « 00045 15550 =+ OO7 37699 = 0054
5608 17.0991 00024 0866658 D.0011 2048803 00115 17928 + 0011 086732 & 000037 21025 2 O0.0HM7 15549 + Q017 37692 + 0051
Mean 409 17630 + 0,008 0.HATSY & 000021 21005 3 00023 15538 = 0.010 37.718 =+ 0.060
3-13989-B8 Res. Soil
o808 18,1118 0.0027 0057608 0.0009 200805 0.0018 160.141 & 0.012 0.85826 + 0.00037 208924 z 0.0015 15570 + 0.7 57.957 + 0.051
o898 18,1274 0.0038 0057800 0.0044 209051 0.0030 10.156 £ 0.092 0.05054 x 0.00037 20939 2+ 00015 155688 + 0.017 3818 £ 0051
o800 19,4226 00024 0957770 00010  2.08976 Q0049 18452 = 012 0.95943 + 0.00037 20932 = 0.0015 15582 ¢ 0.017 37994 + 0.031
Mern 02 18,150 £ 0.014 085841 & 000021 2.0932 = 0.0008 15560 = 0010 37090 = 0020
3-12324-B Res. Soil
5248 18,1449 0.0025 0.856547 00008 208839 0.0019 18174 + 0.0N2 085720 + 000037 20918 £ 00015 15570 2 D.017 /Me = 0051
5248 18,1597 00026 0.856876 O0.0007 205052 0001 18189 & 0.042 0.p5753 2 0.00097 20930 + 0.0015 15598 2 0.018 38086 + 0052
5248 18,1518 0.0022 0856461 00005 2.08430 (0005 18181 x 002 085712 = 000037 20917 £ Q0015 15583 ¢ 0.0t7 38.020 + 0051
Maan ™ 18,181 = 0.013 0.05720 + 0.00021 20925 = 0.0027 19587 = 0.010 38044 &« 0072
312020-B Res, Soll
8208 17,9056 0.0038 0066940 00016 210109 0.00M 17.934 ¢+ 0.012 0.86761 &+ 000038  2.4Q045 + 0.0015 18560 + Q017 37742 x 0051
BB 17.6936 0003 0.856565 0.0014 208940 0.0024 17.822 + 0.012 086725 + 0.00038 2.1028 + 0Q.0M5 16543 = 0.047 37687 ¢+ 0.051
8200 1792256 0.0039 0887176 0.0014 240207 0.0027 17.951 ¢ 0002 006784 + 000038 2.1063 » 0,045 15579 + 0.0M7 a7a1n + 0051
Mean 607 17.938 = 0.034 086757 = 00DD6] 21045 x (.0042 15561 = 0.040 37750 + D143
011828 Res. Solt
1828 183017 0.0028 0.849780 00013 207692 00023 14331 ¢ 0.0H2 0.95044 &+ 000037  2.0802 = 0.0015 15609 £+ 017 30.124 + 0052
1828 18,3136 0.0038 0.049914 G000 207700 0.0020 18.343 » G012 005057 £+ 000037 2.0813 + 00015 15602 £ 0.018 VAT £ 0052
1620 18,3204 0.0M9 0650153 00005 207609 Q.0007 18,350 » 0.042 485081 ¢ 000037 2.0815 x 0.0015 15612 ¢+ 0.H8 30.195 = 0.052
Mean 720 18,341 + 0020 095061 + 0.00020 20810 &+ 00009 15601 =« 0022  39.969 + 0020
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Table 2. Conid.

Aaw Dala’ Correcled for mass fracllonation’
Lab No/EPA No> Pb ppm* Type  ™Pb/™™Pb 4% S.E. ™PbFYPb % S.E. ™PbA*Pb % S.E FPbMPL *Pb/*Pb MPb™Ph DIPpPL PPy
3-00748-B Ras. Sol
7488 10,2789 0.0020 0.850419 00010 207145 00019 19,308 &+ 0.012 085107 = 000037 2.0748 = 0.0015 15582 = 0017 ar.008 + 0051
748B 18.2074 00038 0.850664 0.0015 207265 0.0029 1817 + Q042 085132 2 000057 20760 = D.O0I5 15593 = 0.018 30.026 £+ 0051
7488 19.2028 0.003t 0.B5082) 0DOODB 207259 DO016  18.922 « 0.012 085127 : 000037 20760 + 000N 15507 + 0008 38098 + 0051
Mean 833 18.316 =« 0.007 0.85122 = 0.00020 2.0756 = 0.0009 15581 + 0010 38016 = 0029
3-107Ta0-B Res. Sail
7408 18.3013 0.0v 46 0.048982 00022 207074 0.0041 19.33t1 = 0.012 0.04963 = 0.00037 20741 z 0.0015 15574 » 0.017 38,020 + 0051
7408 10.3032 0.0057 0.849057 (.0014 207117 0.0013 18333 + 0.012 004971 = 0.00037 20745 = 0.0015 15577 + 0,007 38032 x 0.051
Mean 904 18.332 =+ 0.008 084967 + O.00025 20743 £ 00010 15575 = 0.012 39028 = 0.036
3.02248-0 Reaa, Soil
246D 10,5659 0.0041 (.040205 00011 206094 0.0026 18.596 ¢« 0.012 084094 + 000038 20640 & Q0015 156830 = 0.010 38.387 + 0052
2468 19,5591 0.00256 0040132 00007 205935 0.0009 18.589 + 0.012 084078 =+ 000038 206827 + 0.0015 15629 ¢ 0.010 38343 x 0052
Meoan 1658 10,503 = 0.009 084088 =+ D00025 20805 = 0.0056 15633 + 0.012 38365 x 0036
3-10310-B RAaa. Soil
3198 18.8051 00033 0.620705 0.0014 204272 00029 19.835 « 0.012 0.83043 x 000038 20484 = 0.0015 15841 + 0018 38538 + 0052
3198 19.8080 0.0028 0020840 0.0H0 2.04190 00016 19.830 +. 0.012 063028 + 0.00028 252 x Q.05 15841 &+ 0.010 38530 + 0052
Wean 1469 18,837 &« 0008 083035 x GO0D25 20457 & G000 15647 x 0042 38534 = 0.098
Samplos from a eingle residenilel property
I1%2-B Res. Soll
162B8-A 17.5676 0.0025 O.B8D346 00012 211844 00026 17.818 = 0.011 088102 + 000038 21198 + 00016 156520 + 0.0M7 37,044 & 0051
1628-A 17.5633 0.0020 0080230 000080 211812 0.0007 17,641 2 0.011 0.88091 &+ 0Q.00038 21196 + 0.0016 15514 ¢ 0.007 37320 «  0LO5t
iean 17814 £ 0008  O8B0S6 2 000026  2.4100 & 0.0011 155617 ¢ 0.002 37.336 = 0.035
1528-B 17.8703 0.0021 O.B6V707 Q0008 209640 00014 17,899 = 0.011 0.B6BI7 & 000037 209908 + 0.0015 15543 + 0017 37565 = 0.05t
1528-8 17.8691 00043 D.B67603 0.0011  2.09521 00021 17.898 + 0.012 086827 « 0000380 20908 + 00015 16540 ¢ 0.017 37570 + 0,051
Mean 17,890 + 0.008  OBEB32 = 000026 20997 & 0.0000 155642 ¢ 0.012 37502 +  0.005
1528-C 17.7565 00035 0.872904 0.0013 210450 00027 17.785 = 0.0 0.87357 = 000038 21083 £ 00015 15538 ¢ 0.017 37497 + 0051
1528-C 17.7574 00023 0872922 0.0010 210494 00019 17.766 x 0.011 087350 = 000038 ' 210P4 & 00015 15538 = 0.017 37499 1+ 0054
Mean 17.766 « 0.008 . 0.87358 + 000026 2.4004 & 0.00%) 15537 + 0012 37.498 + 0035
Mean 152A-C 1730 17,770 = 0355 087400 =+ 0.01573 2.9090 x 0.0253 15532 = 0.030 37470 = 0307
3-12154-B Aes. Soil
151B 181366 00037 OQBSEBEY 003 200485 0.0020 18,160 £ OMZ2 . 0085752 ¢ 0.00037 20883 + 00015 15579 ¢+ c.07 37939 «  0.051
1518 18,1682 00037 0857268 00012 200697 0.0023 18,187 = 0012 0085792 2 000037 20904 + 00015 15603 + 0010 30.098 +  0.051
1518 18,1378 0.0024 . 0.856824 00009 208434 00017 10.167 2 0.2 085748 = 000037  2.0877 = 0.0015 15570 2 0.7 97028 + 0.051
Mean £40 19.174 = 0.024 0.85764 = 0.00043 2.0808 & 0.0031 15567 + D.030 31.980 x  0.106
3-12030-B Res. Soil
0398 18,2487 0.0033 0852022 00017 207284 0.0034 1B.278 » 0.012 0.B5268 + 000037 20763 & 00015 155085 + 0.017 3705 = 0051
0398 18,2491 0.0022 0.851817 00011 2071968 0.0020 1B.278 1 0.012 085247 + 000037 20753 &+ 0005 15582 + 0.017 37.904 = 0051
Mean 413 19276 + 0008  0.685258 ¢+ 000026 20750 + 00010 15.508 = 0,012 37.942 £ 0036
3-12035-B Ras. Sail
0358 18.0680 0.0028 (.860568 00009 208797 0.0020 18.097 « 0.012 086123 + 000037 20014 & 00015 15586 ¢ 0.7 a7.848 = 0.05%
0358 18.0558 0.0038 (.06015 00017 208819 0.0032 18.085 = 0.012 0.86097 + 000037 20896 & 0.0015 16571 = 0.017 37.790 +  0.05%
0358 18.0848 0.0039 0060463 0001+ 208736 0.0010 18.084 2 0.012 0.86112 2 000037 20000 + Q0015 16581 + 0.017 a7.830 = 0.05)
Mean B34 18.082 + 0.007  0.86111 + 0.00021  2.0800 +« 0.0009 15.579 + 0.010 37.823 = 0.029




Table 2. Contd.

i Raw Data' Correctad for mass fractlonation’
Lab No/EPA No.> _Pb ppm* Type  “Pb/™Pb % S.E. *"Ph"Pb % S.E. *Ph/™Pb % S.E. o ) il o Vi 0 ) o~ FPH™Ph Ph/™Ph
3-12040-8 fAos. Soll
040B 18,4208 00050 0.845624 00020 206295 0.0044 10450 = 0.012  0.84627 » 000037 20663 x 0.0015 1564 = 0008 38424 = 0.052
0408 18,4169 0032 0.845433 00010 206280 00016 18446 &+ 0012 084808 + DOD0I7 20862 = 00015 15607 &+ 0.019 38113 £ 0052
Mean 258 16448 = 0000 084817 = 000025 20662 =+ 00010 15611 &+ 0.012 30118 =  0.038

1 Uncenaimies are i porcent and represant one standand error (» 1 gigma mean).

20 4 for mass irnclionation based on analysss ol WIST slandard SAM 881 (Tabla A1). Uncerainlies are abasokte and ame at the 95% confidoancs interval {Ludwig, 1980; 1894},
2 Individual mass spacromedsr wns am lisied separately undor the same lab sampls number. Seperate acd-digestions of the same sample are listed as *-A* through -F*.

4 Ph conventrations provided by USEPA from acid digestions of sphts of the samples,

L]
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Figure 1. 206pp/204ph vs, 207ph/204Ph and 206Pp/204p) vs. 208ph/204ph
diagrams for selected soil samples from the Vasquez Bivd.-I70 study area,
coded by Pb concentrations, Data are from Table 2 and represent the
mean values for individual samples. Best fit lines {(unweighted) through
the data yleld r2 values (square of the regression correlation coefficients)
of 0.863 and 0.815 for 206Pb/204Pb vs. 207Ph/204Pb and 206Pb/204Ph vs.
208pp/204Pb, respectively. Also shown is the typical uncertainty (95% C.1.)
for and individual mass spectrometer run.
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Lead isotopic data for the Acme lead arsenate, smelter soils, and smelter waste are
very similar to one another and to some of the residential soils. On the other hand, the sample
of PAX has a unique and nonradiogenic (low 2Pb/2*Pb) lead isotopic composition with
26ph/2Pp = 17.21.

The Pb isotopic compositions presented in Figure 1 are also shown in Figure 2, but the
data points are coded based on As concentrations. Low-As samples are generally the most
raciogenic with 2Pb/2”Pb > 18.25 (two exceptions, both from the same residential property).
High-As samples show two distinct groups; one with **Pb/”™Pb < 17.9, and one with
25ph/2%Ph = 18.15-18.18. Comparison of Figures 1 and 2 reveals that the soils with high Pb
and As are characterized by **Pb/**Pb < 17.9, whereas the samples with radlogemc Pb and
slightly-elevated 2®Pb/*Pb are low in both Pb and As.

Isotopic compositions in most of the high-As and high-Pb samples are less radiogenic
than the smelter material, Acme Pb arsenate, or the low-As and low-Pb soils (baseline soils).
Consequently, these soils must have a component of PAX (or some similar, but as yst
unidentified maternial) within them. However, the isotopic data for the three contaminants and the
residential soils are nearly colinear. Consequently, from the lead isotopic data alone it is not
possible to determine whether the Pb in the high-As, high-Pb soils is a simpfe mixture of PAX
and baseline soil or whether the other contaminants are also present.

Sources of Lead :
Lead and As concentrations of the residential soils, coded according to their **Pb/Pb

values, are shown in Figure 3. Shown for comparison are data from a selected number of other
residential soils within the study area that were not analyzed for Pb isotopic compositions.
Uncontaminated or least-contaminated samples, represented by the cluster of points with low
As and Pb, have Z*Pb/*Pb = 18.3->18.5, although the majority of the samples have
28ph/2Ph = 18.4-18.5. The samples highest in As (>1200 ppm) are characterized by
28ph/2Ph < 18.0, even though Pb contents vary from 400 to over 1500 ppm. As
mentioned above, samples with the highest Pb contents fall into two groups; one with
28phH2%4Ph » 18.5 and one with 2°Pb/2*Pb < 18.0. Both isotopic groups are found among
low-As-residential soils (lower right in Figure 3). These results indicate that there are at least two
high-Pb, low-As contaminants present in these soils.

Lead isotopic compositions, represented by 2*Pb/”™Pb, are shown as a function of Pb
concentration in Figure 4. Six lead sources are represented as summarized in Table 3. The
uncontaminated or least-contaminated end member is defined by the low-As and low-Pb
samples. This component with **Pb/”*Pb = 18.48 and Pb = 70 ppm is represented by the
means of the baseline soil sample, SC-00065, and the lowest-Pb sample, SC-00017.
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Figure 2. 206pp/204Ph vs, 207Ph/204Pb and 206Pb/204Ph vs,
208Pp/204ph diagrams for selected soil samples from the Vasquez
Blvd.-170 study area, coded by As concentrations. Data are from
Table 2 and represent the mean values for individual samples. Also
shown are the typical uncertainty (95% C.).) for and individual mass
spectrometer run and best-fit lines through all of the data.
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Figure 3. As vs. Pb concentrations for selected samples from the VBI70
study area. Samples are coded according to their 208Pb/204Ph values.
Also shown by the small filled circles are data from samples not ana-
lyzed for Pb isotopic compositions? Vectors for PAX, smelter soils and
materials, Acme lead arsenate, and stoichiometric Pb arsenate
(PbAsQy), which are all off the scale of the diagram, are also shown.
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Table 3. Summary of identified Pb sources in the VBI70 study area.

Sample Type Pbppm Asppm - oPbA%%b  pprph  P%ppspb
Baseline :

Mean' res soils. 70 8 18.476 15.604 38.782
High-As contaminants

3-15639-B  Acme Pb-Arsenate 128000 273000 18.0714 15.568 38.009
3-15658-B PAX 24300 120000 17.2086 15.5613 36.886
3-15843-B  Smelter-soil 4520 22400 18.180 15.570 38.101
3-15645-B  Smelter-soil 5660 27200 18.122 15.557 38.026
3-15646-B  Smelter-material 2160 7630 _ 18.121 15.554 38.035
Mean smelter materials & soils 4113 19077 18.144 15.560 38.054
Low-As contaminants® _
3-10319-B  res. soil 1469 48 18.837 15.641 38.534
3-12152-8  res. soil 1730 <11 17.770 15.532 37.470

! Mean of soils 3-15644-B and 3-15654-B
2 The residential soils with highest lead contents are used to approximate the contaminants. The true
. contaminant should have higher Pb concentrations and slightly different lead isotopic values.
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The data for the PAX sample represent one possible contaminant with “*Pb”*Pb =
17.21 and Pb = 24300 ppm. A second contaminant is represented by the lead arsenate
sample with *Pb/™Pb = 18.07 and Pb = 128000 ppm. The smelter soils with 2*Pb/”*Pb
=18.12-18.19 and Pb = 2160-5600 ppm represent a third contaminant source. Each of these
three sources represents a potential As as well as Pb contaminant.

Two additional contaminants are approximated by residential soils 3-10319-B and 3-
12152-B. These sources appear to represent Pb contamination, but not As. Because these
soils are likely mixtures of contaminant and baseline material, the actual Pb concentrations in the
true contaminants are probably higher than in the seils and the Pb isotopic compositions more
extreme (*®*Pb/A*Pb > 18.84 and <17.77 for 3-10319-B and 3-12152-B, respectively).
Another high-Pb sample with **Pb2*Pb = 18.6 may reflect yet another Pb contaminant or a
mixture of Pb contaminants.

Two-Component Mixing

Calculated bulk-mixing curves between average baseline and each of the five-
contaminant sources are shown for reference in Figure 4A. The bulk mixing curves are
calculated from the following two-component bulk-mixing equations (Faure, 1977);

(1) Cu=Cc* () + G * (1-X)
(2) Ru=[R; "Co*(X)+ Ry *Cg " (1I-)()] /Cy

where C,, and G, are the concentrations of an element, in this case lead, in the contaminant (C)
and baseline (B); C,, is the concentration of the element in the mixture {(a contaminated soil
sample), and X is the weight fraction of contaminant source A in the mixture (where 0 < X <1).
R,, R;, and Ry, are the isotopic ratios (in this case “*Pb/”*Pb) in the contaminant source,
baseline, and mixture, respectively. The percent contamination is 100"X. The weight fraction of
an element in a soil, X, derived from the contaminant is calculated from X in the following
manner (Church and others, 2002):

(3) X = X*C/C,,

By combining equations (1) and (2) and eliminating X, the following expression is
obtained (Faure, 1977}):

(4) Ry =[Cc "Cg * (Rc = Rp)l/ [Cy *(Cg = Cg)] + (Cc ™ R, — Cg * Rg) / (C - Cp)
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Figure 4. (A) 206Ph/204Ph vs. Pb concentration and (B) 206Pb/204Pb vs. 1/Pb concentration for
selected soil samplas from the VBI70 study area. Data are from Table 2 and represent the grand
means of data from individual samples (bold type in Table 2). An average baseline value (cross,
206pLy204PDb = 18.48, Pb = 70 ppm} is estimated from data for samples 3-15654-B and 3-15644-B,
Bulk-mixing curves {lines in Figure 4B) between average baseline and PAX, smelter soil, Acme lead
arsenate, soil 3-10319-B (319B}, and soil 3-12152-B {152B) are shown for reference. The broken
line in Figure 4B represents a hypothatical mixing line between average baseline and a Pb + As
source with 206PL/204Pb  17.8.
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This equation is of the general form:
R,=a/C,+b

which is the form for a hyperbolic curve when R,, is plotted as a function of C,, (a and b are
constants dependent upon the values of C, Cg, R, and R;). The mixing hyperbole is
converted to a straight line if B, is plotted as a function of (1/C,,} as is shown in Figure 4B.

Four points regarding Figure 4 are worthy of mention. (1) The bulk mixing curves for
Acme lead arsenate and average smelter material are n'eaﬂy superimposed upon one ancther.
This means that the Pb data are not able to resoive contamination from these two sources. (2)
Most of the low-As samples plot above the mixing curves for lead arsenate and smeflter
material. This cbservation coupled with the fact that these samples show a wide range in lead
contents indicates that Pb contamination frorm a source or sources with radiogenic Pb
(*PbA*Pb > 18.2) is common among the low-As soils. One might reasonably conclude that
this contamination is also present among the higher-As soils as well, but may be masked by
other contaminants. (3) The data for many of the high-As residential samples plot between the
PAX and lead arsenate - smelter material mixing curves. This suggests that the Pb in these
samples was derived from at leas! three sources: baseline, PAX and at least one other
contaminant source. Altematively, the resuits may indicate the presence of another contaminant
with 2Pb/2*Pb = 17.8, similar to soil 3-12152-B, but with high As as well as Pb (broken red
line in Figure 4B). (4) Finally, data for two of the high'-As soils (3-13989-B and 3-12524-B) as
well as three of the intermediate-As soils (3-15648-B, 3-15642-B, and 3-12151-B) plot on or
near the mixing lines (Figure 4B) between baseline and smelter matenial or lead arsenate. This
suggests that lead arsenate or smelter material may represent the principal contaminant in these
samples. However, if multiple contaminants are involved, then the position of these data
relative to the lead arsenate and smelter material mixing curves may be fortuitous.

In a situation involving two-component-mixing, the weight fraction of contarminant (X) can
be semi-independentily calculated from both equations 1 and 2 (equations 1 and 2 are not
totally independent because the concentration data are used in both equations). The weight
fraction of contaminant Pb, X, in a sample can also be estimated using the Pb isotopic
compaositions alone (Church and others, 1997; 2002) as follows:

(5 xpo = (HM‘RBV (HC'HB)

23



Table 4. Two-component mixing parameters for selected soll samples from the VBI70 study area.

Components Sampile _ Pbppm Asppm __*Pb/A*Ph X:Pb' Xp' XPb(1y XPb(2) X Pb (6)* XAs (1
Acme Pb arsenate 3-13089-8 02 204 18.150 9.769 0.805 0.0018 0.0018 0.0019 0.0033
and average baseline 3-12524-B 794 1135 18.181 0.912 0.728 0.0057 0.0057 0.0045 0.0041
3-15648-B 185 165 18.410 0.392 0.163 0.0004 0.0004 0.0002 0.0006
3-15642-B 422 172 18.242 0.835 0.578 0.0028 0.0028 0.0019 0.0006
3-12151-B 540 Py 18.174 0.871 0.748 0.0037 _ 0.0037 0.0032 0.0008
Average smolter material  3-13989-B 302 904 18.150 0.782 0.982 0.0574 0.0571 0.0721 0.0470
and average baseline 3-12524-B 794 1135 18.181 0.928 0.889 0.1791 01792 01715 0.0591
3-15649-B 15 165 18.410 0.398 0.199 00111 0.0112 0.0056 0.0002
3-15642-B 422 173 18.242 0.849 0.705 0.0871 0.0873 0.0723 0.0087
3-1215t-B 540 221 18.174 0.885 0.810 0.1163 0.1162 0.1194 0.0112

"Walght fraction of contaminant Pb in the soil calculated from Pb concentrations using equation (3},
Waeight fraction of contaminant Pb in the soil calculated from Pb isotopic compositions using equation (5).
Waelght fraction of contaminant in the soil calculated from Pb or As concentrations using equation (1).
*Waeight fraction of contaminant in the soil calculated from equation (2).

*Weight fraction of contaminant in 1he soit calculated from equation (6).
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The weight fraction of contaminant, X, can then be calculated from X, and the Pb concentrations
in the contaminant and soil in the following manner: '

(6) X = Xpy * C/C,

Equations (3) and (5) provide two independent methods of estimating the relative
amount of contaminant Pb within a soil, one based solely on the Pb concentrations (3), and one
based exclusively on the Pb isotopic compaositions {5). Eqguation (6} also provides another
semi-independent method of estimating the relative amount of contaminant in a soil. The As
concentration data can also be used in equation (1} to provide an independent check of the
calculations.

Two-component mixing calculations for the five soils mentioned above, that plot near
the baseline-Pb arsenate or smelter matenial mixing curves, are presentedin Table 4. Two
sets of calculations have been made for mixing between baseline and lead arsenate and
between baseline and average smelter material. It should be emphasized that these
calculations represent possible solutions only. independent verification from geochemical
analyses and speciation studies are also required in order to determine whether these possible
solutions are in fact reasonable. Calculations in Table 4 are highlighted in bold type when
agreement among the three calculations was within a factor of 2 (arbitrary).

Data for the two high-As samples are consistent contamination of baseline soil with 0.2-
0.6% acme lead arsenate. One of these sampies, 3-13989-B is also consistent with
contamination of baseline.soil with 5-6% smelter material. Calculations for the intermediate-As
sample 3-15648-B are also consistent with a small amount of contamination from either Pb
arsenate or smeiter material. intemally consistent results were not obtained for the other
samples.

Three-Component Mixing

As mentioned above four of the six high-As samples (samples 3-15650-B and 3-
15651-B are duplicate splits of the same s0il) and one of the intermediate-As soils plot
between the three high-As mixing curves in Figure 4. Although these samples plot close to
the mixing curve for baseline and soil 3-12152-B, this soil can not represent the only
contaminant in these samples because soil 3-12152-B has low As. Barring the existence of an
unidentified high-As contaminant with **Pb/”*Pb = 17.8, the Pb data for these samples must
reflect contamination from more than one source.

if two contaminant sources are involved then a three-component mixing mode! may be

employed where



) | Cu=Coy * (X) + Cg * (V) +Cg * (1-X-Y)
(8) - R, = [Flc,l* Coy "(X) + R, "C, "(Y)+ Ry * G " (1-X-Y)] / C,,

where X and Y are the weight fractions of contaminants C1 and C2, respectively. Equations 7
and 8 may be combined to solve for both X and Y. If more than two contaminant sources are
involved, then additional data are required in order to obtain unique solutions.

Three-component mixing calculations for all six high-As and all five intermediate-As soils
are summarized in Table 5. All calculations are made assuming the soils are mixtures of
baseline material and two contaminants. The requirements for selecting pairs of contaminants
are (1) that one of the contaminants must have nonradiogenic Pb (either PAX or soil 3-12152-
B; this requirement is strictly valid only for those soils having ®*Pb/”*Pb < 18.08) and (2) that
at least one of the contaminants must have high As (either PAX, lead arsenate, or smelter
material). Using these criteria, 5 different situations are allowed (Table 5). Weight fractions of
the two contaminants were calculated using the Pb concentration and Pb isctopic data in
equations 4 and 5. Arsenic contents were caiculated from these proportions and arsenic
contents of the contarninants using equation 4. The calculated arsenic contents are comparedto
the measured As in the soils in Table 5. Calculations highlighted in bold are for calculated As
contents that are within a factor of 2 of the measured values. Once again, the calculations only
indicate possible solutions which must be used in conjunction with other evidence. '

Consistent results were not obtained. Data for some samples (e.g. 3-13569-B and 3-
13989-B) have multiple solutions whereas data for other samples (3-15650-B and 3-00748-
B) vield no satisfactory solutions. If taken at face value, the data in Table § suggest that the As
and Pb contamination in each residential property is derived from a unique set of circumstances.

The calculations in Tables 4 and 5 are complicated by several factors. First, the
proportions of lead and arsenic currently present in the soils may be different from those in the
potential sources as a result of preferential dissolution of specific chemical phases from the soils
(J. Drexler, oral communication, 2001). Second, the smelter soils present today may have
different chemical and isotopic signatures from soils present in the past. This is particularly true
of the smelter in question, which switched from arsenic to cadmium refining during the late
1920’s. It should also be noted that two other smeliers were at one time present in this general
area, but samples from these smelters are not available. Finally, the samples of PAX and lead
arsenate represent only two of several similar compounds that might have been commercially
available during the middie 20™ century. The proportions of lead and arsenic as well as the
lead isotopic signatures of this other material, or of the PAX and Acme lead arsenate for that



Table 5. Three-component mixing calculations for selected resedential soils

from the VBI70 study area.’

Sample Pbppm  Pb¥Pb % Cont.C, % Cont.C;’  Calk.Asppm®  peas, As ppm
Contaminants: Pax and Acme Pb arsenate

Pb ppm 28pp2pp % PAX % ACme Calc. Asppm____ Meas. As ppm
3-15641-B 1490 17.910 1.27 0.87 3308 836
3-15650-B 1560 17.801 213 0.76 4645 1490
3-15657-B 1140 17.898 1.07 0.63 3023 1490
3-13569-B 409 17.930 0.41 0.19 1010 1492
3-13989-B 302 18.150 0.02 0.18 517 804
3-12524-B 794 18.181 -0.28 0.62 1361 1135
3-15648-B 115 18.410 -0.05 0.04 70 165
3-15642-B 422 18.242 -0.21 0.31 617. 173
3-12820-B 607 17.936 0.52 0.32 1511 242
3-121581-B 540 18.174 -0.13 0.39 922 221
3-00748-B 633 18.316 -0.60 0.55 798 409
Contaminants: Pax and average smelter material

Pb ppm 25ph2Mpp % PAX, % smelter Cale, As ppm __ Meas. As ppm
3-15641-8B 1480 17.910 1.60 25.51 6797 836
3-15650-B 1560 17.80 2.42 22.33 7174 1490
3-15657-B 1140 17.898 1.31 18.60 5130 1490
3.-13569-B 409 17.930 0.48 5.51 1634 1492
3-13989-B apz2 18.150 0.09 5.21 1107 904
3-12524.B 794 18.181 -0.05 18.18 3420 1135
3-15648-B 115 18.410 -0.03 1.31 218 165
3-15642-B 422 18.242 -0.09 9.24 1663 173
3-12820-8 607 17.936 0.65 9.41 2578 242
3-12151-8 540 18.174 0.02 11.51 2226 221
3-00748-B 633 18.316 -0.39 16.27 2641 408
Contaminants: soil 3-12152-8 and Acme lead arsenate

Pb ppm 208pp2%ph % 152-B % Acme Calg. Asppm  Meas. As ppm
3-15641-B 1490 17.910 48.83 0.48 1310 836
3-15650-B 1560 17.801 81.87 0.10 289 1490
3-15657-8 1140 17.898 41.07 0.30 837 14390
3-13569-B 408 17.830 15.66 0.06 177 1492
3-1398%-B Joz 18.150 0.81 0.17 474 904
3-12524-B 794 18181 -10.78 0.71 1935 1135
3-15648-B 115 18.41Q -1.94 Q.06 173 165
3-15642-B 422 18.242 -3.00 0.38 1042 173
3-12820-B 607 17.936 20.08 0.16 443 242
3-12151-8 540 18.174 -4.99 0.43 1188 221
3-00748-B 633 18.316 -23.12 0.74 2028 409
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Table 5, Cont'd.

Sample Pb ppm #pp/MPn % Cont. €, % Cont. €,°  Calc. Asppm’  meas. As ppm
Contaminants: Soil 12152-B and average smelter material

Pt ppm %P/ *“Pb % 152-8 % smekter Calc. As ppm Meas. As ppm
3-15641-B 1490 17.910 55.05 12.52 2386 836
3-15650-B 1560 17.801 83.21 2.69 523 1490
3-15657-B 1140 17.898 45.03 7.98 1530 1490
3-13569-8 409 17.930 16.47 1.62 318 1492
3-13989-B 302 18.150 3.04 4.49 864 904
3-12524-8 794 18.181 -1.56 18.55 3545 1135
3-15648-8 115 18.410 -1.18 1.59 310 165
3-15642-B 422 18.242 -3.05 9.96 1907 173
3-12820-B 607 17.936 22,16 418 806 242
3-12151-8 540 18.174 0.66 11.36 2173 22
3-00748-B 633 18.316 -13.45 19.45 3718 409
Contaminants: PAX and soil 3-10319-B

Pb ppm 24pPo/**Pb % PAX % 319-8 Calc. Asppm _ Meas. As ppm
3-15641-B 1490 17.910 3.45 41.75 4165 836
3-15650-B 1560 17.801 4.04 36.54 4870 1490
3-15657-B 1140 17.898 2.66 30.44 3210 1490
3-13569-B 409 17.930 0.88 9.02 1066 1492
3-13989-8B 302 18.150 0.47 8.52 570 904
3-12524-B 794 18.181 1.27 29.75 1544 1135
3-15648-B 115 18.410 0.06 2.15 83 165
3-15642-8 422 18.242 0.58 15.12 710 173
3-12820-8 607 17.926 1.33 15.40 1606 242
3-12151-B 540 18.174 0.85 18.84 1038 221
3-00748-B 633 18.316 0.78 26,83 962 408

'Calcutations in bold represent agreement to within a factor of 2 for calculated vs. measured As oontents
and no significant significant negative contribution from one of the contaminant sources.
2 X (*100) calculated from simultaneous solutions of equations 7 and 8.
2 ¥ (*100) calculated from simultaneous solutions of eqiations 7 and 8.

* As concentration calculaled from equation 7 and X and Y values caleulated for Pb.
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matter, may have been different from those observed in the existing samples depending
upon the sources of lead used in the manufacture of the products,

Focal versus Adjacent Samples

Samples of residential soils adjacent to high- and intermediate-As soils have been
analyzed (Table 1) in order to determine whether significant migration of Pb or As from the
high-As properties has occurred. All of the adjacent samples analyzed in this study have <50
ppm As (Table 1) which suggests that As migration to surrounding properties has been
minimal.

Pb isotopic compositions of the soil samples, this time coded by sample type, are
shown in Figure 5. Low-As focal samples, which show large variations in Pb contents (Table
1), span almost the entire range of isotopic values found within the residential soils. The single
low-As adjacent sample analyzed has the highest *®Pb/”*Pb and among the highest
2%Pb/*Pb. Data for the two high-As adjacent samples and the single intermediate-As
adjacent samples are well within the range observed for other low-As (focal) samples, although
the 2*Pb/2™Pb values for the high-As adjacent samples are slightly less radiogenic than those
in the low-As and intermediate-As adjacent samples.

Lead contents of the high-As adjacent samples are significantly higher than baseline
values {150-260 ppm versus =70 ppm; Tables 1 and 3), but are well within the range of other
low-As samples (Figure 6). However, the **Pb/™Pb values in these two samples appear to
be slightly lower than in other low-As samples with similar Pb contents. The data are therefore
consistent with the interpretation that some migration of non-radiogenic Pb has occurred from
the high-As properties to the surrounding properties.

Samples from a Single Property

Five samples, 3-12152-B, 3-12151-B, 3-12040-B, 3-12039-B, and 3-12035-8
(Table 2), were collected from a single residential property in order to look at mixing
relationships within a geographically restricted area. The samples show a wide range in Pb
contents, 256-1730 ppm Pb. Four of the five samples have As < 50 ppm, but sampie 3-
12151-B has 221 ppm As. Sample 3-12152-B represents the low-As contaminant source
with nonradiogenic Pb (Table 3).

Lead isotopic data for the five sediments are highly correlated with i values of 0.947
and 0.961 for the ©°Pb/” Pb vs. *’Pb/”*Pb and **Pb/** Pb vs. ?*Pb/*Pb diagrams,
respectively (Figure 7). The high degree of correlation suggests that the data are best
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explained in terms of mixing between two components. However, the best-fit line on the
25ph/24 PR vs. 2®Pb/%*Pb diagram does not pass through the average baseline value.

The 26Pb/ Pb values are shown as a function of Pb contents (1/Pb) in Figure 8. The
data are moderately well correlated with r* = 0.884, but there is obvious scatter about the best-
fit line, and the best-fit (ine passes nowhere near the average baseline value. The resuits again
suggest that there are at least two Pb components in these soils. One of the components has
isotopic characteristics similar to soils 3-12152-B (**Pb/” Pb = 17.8, Pb 2 1730 ppm). The
other has ¥*Pb/” Pb > 18.45 but Pb < 2566 ppm.

The high lead component is clearly a contaminant, but the nature of the other end
member is somewhat problematic. The trend may suggest that baseline isotopic ratios in this
s0il are much more radiogenic than in other low-As soils (the baseline values lie on the upper
right extension of the mixing line in Figure 8).

Another way in which low-Pb end-member could be explained is that this end member
is a mixture between baseline Pb and a second contaminant with radiogenic Pb. If the two
contaminants (i.. those represented by soils 3-12152-B and 3-10319-B) were randomly
distributed within the soils at this property, then a linear trend in Figure 8 would not be
expected. The data would simply fall anywhere within an envelope defined by average
baseline and soils 3-12152-B and 3-10319-B. The fact that a scattered linear trend does exist
may suggest that variable amounts of contamination from the source represented by soil 3-
12152-B were superimposed onto a soil that was more or less uniformly contaminated by the
radiogenic -Pb contaminant.

The presence of two contaminants is consistent with the results from multiple acid-
digestions of sample 3-12152-B (Tables 2 and A2-4). There is more isotopic variation among
the replicate digestions than is easily accounted for if only a single contaminant is involved. The
isotopic variation may suggest that one of the contaminants is not being totally dissolved by
the acid-digestion procedure or that one of the contaminants is hetsrogeneously distributed
within the soil at a scale comparable to the sample sizes.

The elevated As content found in sample 3-12151-B is not accounted for by either of
the scenarios outlined above. This sample is intermediate in terms of both Pb contents and
isotopic compositions, but has As contents almost an order of magnitude higher than in any of
the other soils from this property. These observations suggest that yet another contaminant is
present in this soil. Although the nature of this contaminant can not be determined, it must have
very high As/Pb such that addition of this material does not significantly affect relationships
between Pb concentrations and Pb isotopic compositions in Figure 8.

The results from soils from this property and the fact that there is such a large range in Pb
contents among low-As soils in general (Figure 4} clearly indicate that the Pb and As

32



15'7 [ ) Ll Ll L l' Ll Ty I L L L L] '_l_ Ll i, il
31968
15.6 |- -
L0
o o x ©
by *
o 156 |- |
&
& L
P [
S 155 |
2 =0.947
15’5 ’ PR R VRN R R SR TR TUT TEUN DUV TN DR SRR T VO W T | :
17.0 17.5 18.0 185 19.0
206 204
39.0 ,Pb/,gb .
O
&8
8.5
L
Q. 38.0
]
L3
a ars
)
&
37.0
36.5 IR R T T N TR TR PRNSE PN B P I S S
17.0 17.5 18.0 185 19.0
206Ph/204Pb
Nominal Range Actual Range
B As < 50 ppm {<11 + 26 ppm)
O As =50-250 ppm {221 ppm)’
B High-Pb soil 3-10319-B
# Smelter materials
PAX
B Acme Pb-Arsenats
$% Av. Bassline

Figure 7. 206Pb/204Pb vs, 207Ph204Pb and 206Ph/204Ph vs, 208Pb/204Ph diagrams
for samples from a single residential property. Samples from the property are
coded by As concentrations. Other samples from the VBI70 study area are shown
for referance by open citcles. Best-fit linas through the five points yield good linear
arrays with 12 = 0,947 and 0.961 for 206Pty/204Ph vs. 207PH/204Ph and 206pp/204Ph
vs. 208pb/204PY diagrams, respectively.

33



19.0

——
——
-
B -
.
.
-

_—ry
)
wn

—r

N . ¢

4]

| T
_I_IIIlIIIIlIIII

206Ph/204Ph

? ' r2 = 0.884
ol o o 0.
0.000 0.005 0.010 0.015
1/Pb ppm
Nomina| Range Actual Range

B As <50 ppm (<11 - 26 ppm)

(O As = 50-250 ppm (221 ppm)

B Righ-Pb soil 3-10319-B

% Smeiter materials

PAX

B Acme Pb-Arsenate

$ Av. Baseline

Figure 8. 206Pb/204Pb vs. 1/Pb concentrations for samples from
a single residential property. Samples from the property are
coded by As concentirations. The five points determine a moder-
ately well correlated linear array with r2 = 0.884. The broken line
represents mixing between average baseline soil and s0il 3-
10319-B (3198B).

34



contamination in the soils are not entirely related to the same sources. However, the absence or
at least paucity of high-As, low-Pb soils within the sample set (Figure 1}, the nonradiogenic
character of the Pb in many of the high-As samples, and the presence of significant amounts of
Pb arsenate in many of the scils (Laboratory for Environmental and Geochemical Studies,
2001) suggest that there are high-Pb+As sources responsible for much of the As
contamination in these soils. Identification of the exact number and nature of the contaminants
within these soils must await detailed studies of individual properties.

Conclusions

(1) At least six potential sources of lead have been found in selected soil samples from
the Vasquez Blvd.-170 study area based on the relationships between the isotopic
compositions and Pb concentrations in the soils: (1) an average “baseline” soil with**Pb/”*Pb
= 18.48 and Pb = 70 ppm, (2} smelter soil and waste with 2*Pb/*Pb = 18.12-18.19 and Pb
= 2100-5600 ppm, (3) PAX, a commercial herbicide, with Pb/”*Pb = 17.2 and Pb = 24300
ppm, (4) Acme brand lead arsenate pesticide with *°Pb/**Pb = 18.07 and Pb = 128000
ppm, (5) an unidentified contarminant with *®Pb/™Pb > 18.8 inferred from residential soil 3-
10319-B, and {6) an unidentified contaminant with ®Pb/”*Pb < 17.8 inferred from residential
soil 3-12152-B. Sources 2,3, and 4 are Pb and As contaminants whereas sources 5 and 6
appear to be Pb contaminants only.

{2) The isotopic compositions of the smeilter matenals and the Acme lead arsenate are
similar enough that it is not possible to distinguish between these two sources as potential Pb
contaminants.

(3) The Pb isotopic data for two of the high-As soils {3-13989-B and 3-12524-B} are
consistent with the interpretation that they represent contamination of average baseline soil with
small amounts of either Acme lead arsenate or smelter material. Confirmation of this
interpretation must await detailed gecchemical analyses and speciation studies of these soils.

(4) The other high-As soils (3-15641, 3-15650-B, 3-15657-B, and 3-13569-B) and
one intermediate-As soil (3-12820) have **Pb/”™Pb values lower than those found in either
the smelter rmatenals or Acme lead arsenate. These samples must have within them a
component of PAX (or a similarly nonradiogenic Pb-rich material). However, the Pb data for
these samples cannot be explained by simple two-component mixing involving contamination
of baseline soil with PAX. These data may reflect the presence of more than one Pb
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contaminant or the presence of an as yet unidentified Pb and As contaminant with 2°Pb/*Pb =
17.8. -
(5) The Pb and As data for the intermediate- and high-As soils are reasonably
consistent with three-component mixing models involving baseline soil and two contaminants
(Table 5). However, different contaminants are required for each of the soils and unique
solutions were not obtained for most of the soits. The presence of smelter material or Acme
lead arsenate in these soils are neither eliminated nor required by the calculations.

(6) Low-As soils show a wide range in Pb concentrations (39-1730 ppm) and isotopic
compositions (**Pb/”*'Pb = 17.8-18.8). These results clearly indicate that Pb and As
contamination is at least partiafly decoupled within these soils. Furthermore, if such large and
variable amounts of Pb-only contamination are found in the low-As samples, one might
logically conclude that this type of Pb-only contamination is also present in intermediate- and
high-As soils. If true, then the two-component mixing calculations involving average baseline
Pk would not necessarily be valid.

(7) Analyses of soils adjacent to high-As soils are consistent with some migration of Pb
from the high-As, high-Pb soils to the surrounding properties. However, given the wide
variation in Pb contents and isotopic compositions found among low As focal soils, the
evidence for Pb migration should be regarded as tentative.

(8) Analyses of five soils from a single residential property confirm the complex nature
of the contamination in these scils. The Pb concentration and isctopic data require either the
presence of two Pb contaminants or a single contaminant and unusual “baseline” with an
elevated Pb concentration and/or *Pb/”*Pb. in addition a third contaminant with high As and
low Pb is required to account for the As content in one of the five soils from this property.

Suggestions for Future Work

Based upon the preceding discussion, it is quite evident that Pb and As contamination in
these soiis is a complex issue. In some instances Pb and As contamination appear unrelated
whereas in other instances there is good evidence for a single principal Pb and As contaminant.
Furthermore, at least 5 potential Pb contaminants and three potential As contaminants have
been identified. Although the presence of PAX in four of the 6 high-As samples is indicated
by the data, unique solutions could not be obtained regarding the involvement of other
potential Pb and As sources.

Detailed studies of soils from individual properties, such as that represented by Figures
7 and 8 should be performed. This procedure is based on the assumptionthat individual
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properties would represent less complex systems than the study area as a whole. That is,
only a restricted number of contaminants would be present at any one property. Five to six
sampies would generally be required and the samples‘would have to show a significant range
in Pb (and ideally As) concentrations. Ideally, Pb and As contents should show a good
correlation among the soils from a single property. The Pb data for each individual property
would be plotted as in Figures 4, 6, and 8 and the data evaluated as outlined below.

(1) The data define no linear trend on a plot of 2Pb/”Pb vs. 1/Pb ppm. This would
mean that multiple Pb contaminants are present and are not homogeneously distributed within
the soils. In this situation it may not be possible to use Pb isotopic data to identify the
source(s) of As or Pb contamination,

(2) The data define a linear trend, but there is no correlation with As contents in the
samples. This is the situation observed for the samples in Figure 8 and would indicate that Pb
and As are derived from separate sources. The Pb isotopic data for these samples would
therefore not be a valid tool for evaluating the source of the As contamination. However, the
intersection of the mixing trend with the Y-axis would define the 2*Pb/”Pb of one of the Pb
contaminants.

(3) The data define a linear trend with at least moderately good correlation with As
contents. A single source for Pb and As contamination would be suggested. The y-axis
intercept of the mixing trend defines the *Pb/”*Ph of the Pb and As contaminant in this soil.

Answers to Specific Questions Posed by USEPA

Question 1. Do the isotopic ratios for lead in residential site soils depend on the level of either
arsenic or lead present in the sample? if so, what are the characteristic ratios for high-lead or
arsenic samples compared to low-lead or arsenic samples?

Answer. Soils with high Pb contents show isotopic values that span the entire range of those
observed within the soils with *Pb/”*Pb = 17.8-18.8. Low-Pb soils show a much more
restricted range with **Pb/”™Pb = 18.3-18.5.

Four of six high-As samples have **Pb/”**Pb < 18.0 whereas two other high-As
samples have 2*Pb/”™Pb ~ 18.1-18.2. All high-As samples analyzed are also high in Pb.
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With two exceptions {both from the same residential propenrty), low As soils are
characterized by *°Pb/”*Pb > 18.3.

Question 2. Do the isotopic ratios observed in residential site soils resemble one or more
of the potential source materials (Globe soils, PAX, lead arsenate pesticide)? If so, how
does this depend on lead or arsenic level in the residential soil?

Answer. Four of six high-As samples have lower 2°Pb/”®Pb than found in any of the
identified contaminants except PAX. Two high-As samples have *°Pb/”*Pb similar to
smefter material and Acme lead arsenate. Low-As and low-Pb soils have Pb isotopic
values similar to baseline values.

Question 3. Does this approach allow you to identify one or more of the potential source
matenals as being maore likely for the observed contamination in site soils than the other
potential source materials?

Answer. Four of six high-As samples must have some PAX or isotopically similar material
within them. Specific sources could not be identified for the other two high-As samples.

" The presence of smelter material or Acme lead arsenate is neither required nor eliminated
by the Pb isotopic data in any of the soils.
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Appendix 1. Standard analytical procedures for iead isotopic analyses {nitric acid-
hydrogen peroxide digestion) of metal-rich samples.
A. Acid digestion
1. Samples are digested in accordance with Section 7.2 of method 30508, EPA SW 846,
revision 2 (12/96), with minor modifications to accommodate smalier sample sizes.
Although the Pb isotopic analyses would require sample sizes of only a few milligrams
for most samples, sample sizes of approximately 50 mg to 200 mg are digested in
order to ensure that they are representative of the bulk sample.
2. 210 3 ml of 1:1 nitric acid (HNO,) are added to the sample in a PFA-teflon, screw-cap
container. The sample is heated to near boiling for 15 minutes in the closed container.
The sample is allowed to cool, and 1ml of concentrated HNO, is added. If brown fumes
are observed, another 1 ml of HNO, is added and the procedure repeated until fuming
is no longer observed. The solution is then heated to near boiling for approximatety 2
hours in the closed container. :
3. The sample is aliowed to cool and 1 ml of water and 1 ml of 30% hydrogen peroxide
(H,0.) are added to the sample. Additional H,O, is added in 0.1-ml increments until
either strong effervescence subsides or until the general sampie appearance remains
unchanged.
4. The sample is heated 1o just below boiling for approximately two hours in the closed
container. .
5. The sample is allowed to cool and is diluted to 15 ml with deionized water. The sample
is centrifuged and the supematant transferred 1o an HDPE bottle. '
6. A lead blank of 0.3 ng (10°° g) was obtained for this procedure.

B. lon Exchange Chromatography

1. An aliquot of the solution, corresponding to approximately 0.5 ug of Pb based on
preliminary estimates of the Pb concentration provided by the submitter, is
transferred to a teflon beaker and evaporated to dryness

2. 1-2 ml of 6M hydrochioric acid (HCI) is added to the sample and again evaporated
to dryness. Then 0.5-1 ml of 1.0-1.2 N hydrobromic acid (HBr) is added to the
sample and is warmed gently for 5-10 minutes.

3. The sample is allowed to cool, centrifuged, and the supematant is loaded onto an
anion-exchange column (0.8-1.0 ml resin volume) using Dowex AG1-X8 anion
exchange resin.

4. The column is washed with 1.0-1.2N HBr and water.
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5. The Pb is eluted from the column with 8-8N HCI.

6. The sample is evaporated to dryness and =0.25 ml of 1.2N HBr is added.

7. The sample is loaded onto a second anion exchange column (AG1-X8 resin) with a
resin volume of 0.1-0.2 m. '

8. The column is washed with 1.0-1.2N HBr and water.

9. Leadis eluted from the column with ditute (1M} Nitric Acid.

10. 2-3 drops of dilute (0.25-0.5%) phosphoric acid are added to the sample and it is
evaporated to dryness.

11. Samples are then ready 1o be loaded onto filaments for mass spectrometry.

12. A Pb blank of 0.09 ng was obtained for this procedure.

C. Mass spectrometry

Data for samples and standards run during this study were acquired using the following

procedure:

1. Aliquots of the samples were {oaded onto rhenium filaments with colloidal silica gel
and loaded into the mass spectrometer. Sample filaments were heated t0 2.3-2.4
amp. '

a. During the initial stages of the study approximately 1/3 of the sample was loaded
onto the filament. However, this produced an ion-beam intensity of >10"° Amp
for “®Pb, the maximum measurable signal. Consequently, approximately 1/2-
1/3 of this amount was loaded for subsequent analyses.

2. The temperature of the filament was adjusted to 1250°C + 5% (1187-1313°C).

a. The temperature was determined by the data-acquisition software from a
pyrometer supplied with the mass spectrometer. These temperatures may be

= 120°C lower than the true filament temperatures as determined by other

pyrometers.
3. The beam was centered and focussed using the most intense peak, **Pb. In most

instances the initial current was less than 1250°C so that samples were run at the

lower end of the temperature window. In many instances, a ®Pb intensity of >10™"°
amp, the maximum signal allowed, was obtained. The filament cument was then
decreased until appropriate beam intensity was achieved,

4. Isotopic data for all samples and standards are obtained using “L1, H1, H2, and H3”
collectors for 2Pb, 2Pb, 2Pb, and *Pb, respectively. Data are acquired in “static”
mode using on line software designed by the manufacturer. Each run consisted of 4
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blocks of 12 data cycles. All peaks in each data cycle are measured simultaneously
with 5 to 8 one-second integrations per cycle. Baselines at the half-mass positions
are measured at the beginning and end of each block. The software provided by
the manufacturer (Sector 54-relase 3.974) calculates a running average and statistical
data.
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Appendix 2. Quality Assurance and Quality Control (QA and QC)

Reagent Preparations and Anaiytical Blanks

Nitric, Hydrochloric and Hydrobremic acids are purified by sub-boiling distillation within
the analyst’s laboratory from commercially available reagent grade acids. Dilute acids are
prepared by titration of the distilled concentrated acid followed by dilution with the appropriate
calculated amount of deionized water for the desired final concentration.

Deionized water is prepared from filtered 1ap water by passing it through two mixed-
bed resin filters, an activated charcoal filter, and a “Milli-Q plus” commercial deionizing system.
Measured Pb blanks for the purified acids and water are typically in the range of 0.001-0.01
ppb (10° o/ g).

Phosphoric acid is diluted from commercial analytical grade acid with deionized water.
Hydrogen peroxide is commercial reagent grade material. lon-exchange resin is commercially
available analytical grade anion exchange resin

Reagents are considered acceptable if the overall chemical procedure blank is less than
the amount required to alter the lead isotopic composition (**Pb/”*Pb ) of the sample by
more than the maximum allowable 1 sigma-mean (0.05%}). If the total blank exceeds
specifications, then work is halted and each of the component reagents is checked to
determine the source of Pb in the blank. Samples processed with the unacceptable blank are
discarded and the analyses repeated when the problem has been corrected. Data obtained
from samples run under conditions of an unacceptable blank are deemed unusable.

The maximum allowable blank is calculated based on the Pb isotopic differences
between the samples and the blank. The maximum blank is calculated to be that amount which
when added to the sample will change the isotopic composition of the sample by no more
than the target 1 sigma-mean precision. For example, the target precision for 2*Pb/™*Pb is
0.05%. If the sample *®Pb/”*Pb were 17.0, then the maximum blank contribution would have
no more than a 0.05% effect on the 2*Pb/”*Pb of the sample, or an effect of 0.0085 absolute.
With a blank 2%Pb/”*Pb of 19.0, the maximum Pb mass allowable in the blank for 0.5 ug of
sample lead can be calculated in the following manner:

(0.5"17.0+4X"19.0)/(0.5+X} = 17.0085

Where x is the maximum blank in ug.
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Solving for x = 0.0021ug (2.1 ng) or 0.4% of the sample Pb. If the **Pb/”™Pb of the
sample is closer to that of the blank, then the maxdmum allowable blank increases, for
example 1o 4.5ng for a sample ®*Pb/”™Pb = 18.0.

Because samples were aliquotted after acid-hydrogen peroxide digestion, it is
necessary to evaluate the Pb blank in both the digestion procedure and the total chemical
procedure in order to ensure that the Pb blank does not exceed specifications at any stage of
the overalf procedure. A Pb blank of 0.3 ng {109} was obtained for the acid and hydrogen’
peroxide digestion procedure (procedure “A” in Appendix 1). The minimum amount of Pb
present in any of the acid digestions (sample 3-15644-B) was approximately 9 ug. Thus the
blank contribution was less than 0.004%. _

A total-chemistry blank was processed in the same manner as the samples. A 1-ml
aliquot from the digestion procedure was processed through ion-exchange chemistry
(procedure “B” in Appendix 1). Therefore, this blank is a measure of both the Pb contributions
from the acid digestion to a sample aliguot as well as the subsequent chemical procedures
applied to the aliquot. A total-chemistry blank of 0.09 ng was obtained. The average amount
of sample lead processed through chemistry was 0.5 ug so that the blank contribution was less
than 0.02%. Consequently both blanks were well within specifications and no blank correction
was applied to the isotopic data.

Mass Spectrometry Calibrations.

Pb isotopic data are acquired using a VG-Sector 54, 7-collector, thermal ionization mass
spectrometer. Up 1o twenty samples may be loaded into the mass spectrometer at a time.
The positions of the individual samples on the turret are recorded in the mass spectrometer
logbook and the software supplied by the manufacturer keeps track of the tumret. A turret of
sarmples will normally consist of at least two primary standards (NIST SRM-981) which are
used to monitor mass fractionation induced by the mass spectrometry, a second primary
standard (NIST SRM 982), and seventeen unknown samples. Data are collected using “static”
mode (each isotope is measured simultaneously on a separate collector). Atleast one SRM
981 standard is run at the beginning, and the other at the end of the analyses of the unknowns.

At the beginning of each group of analyses or daily when a set of analyses requires
more than one day to complete, the collector gains are calibrated using a computerized sub-
routine supplied by the manufacturer of the Mass Spectrometer.

Should the gain calibrations not be of acceptable precision based on print out from the
calibration sub-routine, the following steps are taken: (1} the calibration is repeated. (2) If the
second calibration also fails, the electronics to the mass spectrometer are shut off, and the
software rebooted. The electronics are then tumed back on and the calibration repeated. (3) If



the third calibration also fails, step (2) is repeated. (4) If the 4™ calibration fails, then all work is
stopped until a qualified electronics technician is able to examine and correct the problem.

Mass Spectrometry Standards

' Analyses of NIST standard SRM 981 (Cantanzaro and others, 1968; Todt and others,
1993) are used to monitor mass fractionation during mass spectrometry. At least two
standards are loaded into the mass spectrometer for each batch of samples (at least 10% of-
the runs are primary standards). Analyses of NIST standard SRM 982 (Cantanzaro and
others, 1968; Todt and others, 1993) are also used to check the mass fractionation comections
(at least 1in 20 or 5%}).

Data are acquired at filament temperatures of approximately 1150-1350C, as
determined by the pyrometer supplied with the mass spectrometer (Unruh and others, 2000).
Data are considered acceptable if the standard eror (one sigrma mean based on the total
number of cycles) is better than + 0.05% for **Pb/”*Pb, and better than £0.02% for
XTpbA%Ph and 2*Pb/°Pb as determined by the on-line data reduction program provided by
the manufacturer of the mass spectrometer.

The principal source of analytical uncertainty in mass spectrometric measurements of Pb
isotopes is mass fractionation induced during mass spectrometry. Lighter-mass isotopes are
more efficiently evaporated from the filament and transported down the flight tube to the
detector. Consequently, the measured isotopic ratio of a heavier mass to a lighter mass (e.g.
26ph/2*Pby) will generally be slightly lower than the true value. Standards with certified isotopic
compositions are run so that mass fractionation effects may be determined. Corrections to the
isotopic ratios of the sample data are made based on the amount of mass fractionation
determmined from the analyses of the standards.

Results for twenty-three analyses of NIST standard SRM 981 are summarized in Table
A2-1. Apparent mass fractionation factors are calculated for three isotope ratios, “*Pb/”*Pb,
AppA%Pb, and ***Pb”A®Pb using a linear mass fractionation law as follows (e.g. Ludwig,
1980);

F, = [(R;/ Ry)-1] *100/ AM
Where F, is the fractionation factor in percent per AMU for a given isotopic ratio, R, is

the measured ratio, R, is the true ratio, and AM is the nominal mass difference between the two

isotopes ( 2 for Z6Pb/**Pb and 2°Pb”®Pb, and 1 for “’Pb/®Pb). The calculated fractionation
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Table A2-1. Lead Isotopic analyses of NIST standard SRM 981

Sample Temp PoPb % S.E.__ _“PoF°Pb % GE.  PiPb__ % G.E, FPLPh F SO0 Foro/Ph

Centilied Values® 16.9370 0.0630 0.914640 0.0360 216810 0.0370

Redstermined Values* 16.9322 0.0047 0.914561 0.0044 2.16662 0.0060

SRM 981-1 1123 168901 00018 0913672  0.0006 216241 0.0009 0.101 & 0.001 0.097 £ 0.001 0.097 £ 0.000
SRM 981-2 1118 16,6994 Q0015 0913717 0.0021 2.16243 0.0010 0.097 + 0.004 0.082 + 0.002 0.097 + 0.002
SAM 981-3 1218 16,9147 0.0064 0913891 0.0020 2.16390 0.0039 0.052 £ 0.003 0.073 £ 0.006 0.063 + 0.002
SR 881-4 1182 16.9118 0.0022 0.914069 0.0008 2.16418 0.0012 0.060 = 0.001 0.054 = 0.001 0.056 x 0.00%
SAM 881-5 1192 16.9051 0.0031 0913902  0.0009 216341 0.0023 0.080 + 0.002 0.072 £ 0.001 0.074 £ 0.0
SAM 901-6 1190 16.9093 0.0046 0913942 00014 2.16400 0.0033 0.068 + 0.002 0.068 £ 0.001 0.061 £ 0.002
SAM 981-7 1190 16.8991 0.0020 0913753  0.0011 2.16261 0.0022 0.008 + 0.001 0.088 £ 0.001 0.089 & 0.001
SRM 981-8 11688 16.8088 0.0024 0813724 ' 0.0007 2.16260 0.0014 0.099 = 0.001 0.092 + 0.00t 0.088 £ 0.001
SRM 901-¢ 1163 16,9009 0.0037 0.913732 0.0014 216282 0.0031 0.093 £ 0.002 0.091 z 0.001 0,088 + 0,002
SRM 981-9 1206 16.9167 0.0044  0.014124  0.0013 2.16495 0.0032 0,048 £ 0,002 0.048 & 0.001 0,039 £ 0.002
SRM 981-10 1154 16.9007 0.0025 0913750  0.0000 216277 0.0012 0.083 = 0.001 0.089 + 0.001 0.088 + 0.001
SRM 981-0 1210 16.9165 - 0.0022 0914118  0.0007 216474 0.0013 0.046 + 0.001 0.048 = 0.001 0.043 &+ 0.001
SRAM 9681-11 1179 16.0038 0.0021 0.913827  0.0011 2.16320 0.0021 0.084 £ 0.001 0.080 = 0.001 0.07%  0.001
SRM 981-11 1174 16.9045 0.0035  0.913817  0.0000 216318 0.0007 0.082 + 0.002 0.081 £ 0,004 0.080 &+ 0.000
SRM 881-12 1186 16.9049 0.0035  0.913808  0.0017 216314 0.0033 0.081 + 0.002 0.082 + 0.002 0.080 £ 0.002
SAM 981-12 1230 16,9265 0.0045 0914329 0.0020 2.16580 0.0039 0.017 « 0.002 0.025 & 0,002 0.019 £ 0.002
SRM961-13 1113 16,8910 0.0042 0.913649 0.0010 216190 0.0013 0122 + 0.002 0100 £ 0.001 0109 £ 0.001
SAM 98113 1185 16.8040 0.0032 0,913857 0.0009 2.16322 0.0016 0,083 & 0.002 0.077 £ 0.001 0.079 = 0001
SAM 081-14 1195 16.891¢ 0.0042 0913506 0,017 2.16148 0.0030 G119 = 0.002 0.116 = 0.002 0.119 £ 0.002
SAM 981-15 1138 16,8054 0.0033 0913242  0.0011 2.16407 0.0017 0,138 £ 0,002 0.144 1 0,001 0.059 + 0.001
SAM 981-16 1315 18.9230 0.0089 0.914056 0.0022 2.16517 0.0063 0.027 x 0.004 0,055 2 0.002 0.093 £ 0,003
SAM 08117 1234 16,9185 0.0133 0013869  0.0026 2.18381 0.0058 0.040 £ 0.007 0.076 ¢ 0.004 0,065 1 0.003
SAM 981-20 1238 16.9102 0.0064 0.914049 0.0020 2.16435 0.0046 0.065 £ 0.003 0,058 £ 0.002 0.062 + 0.002
SAM 901-21 1199 16.9031 0.0028 0.913921 0.0013 2.16343 0.0028 0.086 = 0.001 0.070 £ 0.001 0.074 + 0.001
SHAM 081-22 1218 16.9034 0.0039 0913867  0.0017 2.16326 0.0032 0.085 £ 0.002 0.076 £ 0.002 0.0768 & 0.002
SRM 981-23 1212 16.9013 0.0067  0.913771  0.0018 2.16294 0.0034 0.091 + 0.003 0.086 & 0.002 0.085 + 0,002
SRM 981-24 1190 16.9015 00023 09137868  0.0005 2.16302 0.0006 0.091 + 0.001 0.085 + 0.001 0.085 + 0.001
SRM 981-25 1197 16.8954 0.0024 0913513  0.0010 2.16186 0.0011 0.109 = 0.001 0.115 + 0.001 0.110 £ 0.001
MEAN, ALL® N=28 16.9048 0.0870 0.913830 0.0230 2.16326 0.0470 0.081 + 0.029 0.080 £ 0.023 0.078 £ 0,024
MEAN, T<1140° N=4 16.8936 0.0460  0.913570  0.0250 2.16180 0.0540 0.115 £ 0.023 0.108 + 0.025 0.111 £ 0.027
MEAN, T>1220* N=d4 16.9200 00570  0.814080  0.0280 2,18480 0.0570 0.036 £ 0.029 0.053 & 0.028 0.042 2 0,029
MEAN, T = 1140-1220* N=20 16.9043 0.0440  0.913833  0.0210 216325 0.0420 0.083 = 0.022 0.080 = 0.021 0.078 = 0.021
Correclion laciors* 0.166 £ 0.044 0.000 x 0.021 0.156 = 0.042
MEANT = 1140-12_20’ N=20 16.9043 0.0440 0.913833 .0210 2.16325 0.0420 Q007 + 0.022 0.088 + 0.021 0.112 + 0.021
Rune for samples recelved 04/01-05/01

981-24-VB137 1190 16.9015 0.0023 0913786  0.0005 2.16302 0.0006 0.091 + 0.001 0.085 = 0.001 0.083 &+ 0.000
981-25-VB139 1197 16.0954 0.0024 0913513 00010 216188 0.0011 0.109 £ 0.001 0.115 + 0.001 0.110 £ 0.001
981-26-VB140 1168 18.9039 00036 0913809  0.0014 216207 0.0141 0.084 £ 0.002 0.072 + 0.001 0.105 £ 0.007
9081-26-VB140 1143 16.9109 0.0038 0.914072 0.0009 2.16425 0.0007 - 0.083 + 0.002 0.063 + 0.001 0.055 = 0.000
901-27-VB158 1148 16.8019 0.0069  0.913814  0.0024 2.16321 0.0049 0.090 + 0.003 0.082 + 0.002 0.07% + 0.002

46




Table A2-1, Cont'd.

Sample Temp  ~Po/oPb’ % SE,  TPbIFD % SE,  ™Po/oPD’ % G.F, FoPo/>Ph FoPo/ P FoPh o Ph
981-28-VB160 1166 16.0034 0.0022 0913757 0.0008 216302  (.0014 0.085 + 0.001 0.088 = 0.001 0.083 = 0.001
9681-29-VB178 1081 16.9045 0.0019 0913759 00008  2.16244  0.0009 0.082 + 0.001 0.088 % 0001 0.097 £ 0.000
$81-29-VB178 1166 16,9106 0.0031 0914159 00018 216354 00030 0.064 + 0.002 0.044 + 0.002 0.071 + 0.002
981-30-VB180 1157 16.9071 0.0039 0919788  0.0017 215306  0.003 0.074 £ 0.002 0.085 £ 0.002 0.082 + 0.002
981-31-VB1%0 1165 16,9114 0.00290 0913994 00006 216374  0.0006 0.061 £ 0,001 0.062 0,001 0.087 £ 0.000
MEAN, ALL® N=10 16.9051 0.0300 0913850 00200 216302  0.0340 0.080 ¢ 0.015 0.078 + 0.020 0.083 + 0.017
MEAN, T = 1140-1220* N=9 16.9051 00310 0913860  0.0210 216309  0.0350 0.080 2 0.016 0.077 £ 0.021 0.082 = 0.018
Correctlon factors® . 0.160 2 0.032 0077 2 0.021 0164 ¢+ 0.036
MEAN T = 1140-1220' N=9 16.9051 0.0310 _ 0.913860.  0.0210  2.16309 0.094 + 0.015 0.085 + 0.020 0.116 + 0.017

' Unceraintles are 1 standard error {1 $.E.~ 1 slgma mean} in percent.
2 Calculated fraciionation factors in percent per AMU for each ralio, uncerlainties are at 1 S.E. in percent.
Calculaltons are relative to the redermined values of Todt and others, 1993, unless olherwise noted,

* Cerlifled velues from Cantanzaro and others, 1968,
* Redetermined vatues from Todl and others, 1992,

* Uncertainties correspond to 1 sigma. Preterred values shown Inbold.,
* mass fraclionation correction faclors applied to sample isolopic ratios.
T Calculated refative to the values of Cantanzaro and others, 1968, Uncenainties are 1 sigma.
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factors also account for small possible differences in collector efficiencies and are therefore
calculated separately for each isotope ratio.

The amount of mass fractionation for a given run is a function of several variables including
filament thickness; relative amounts of Pb, phosphoric acid, and silica ge!; the particle size of the
silica gel; and the filament temperature during data acquisition. Although the calculated
fractionation factors do appear to vary with temperature (Table A2-1), the relationships are not
particularly well correlated (? < 0.6). Consequently, no attempt was made to “fine tune” the
calculations as a function of running temperature. Instead, a temperature interval of

approximately 1140°C-1220°C was selected to represent acceptable running conditions.

This temperature interval shows reasonably consistent calculated fractionation factors, and
encompasses the bulk of the standard runs (mean values in bold type in Tabie A2-1). Data
were accepted for only those samples that were also run within this temperature interval.

~ Mean calculated fractionation factors are shown relative to both the onginal certified
values for NIST standard SRM-981 (Cantanzaro and others, 1968) and to the more precise
redetermined values of Todt and others (1993). The calculated fractionation factors relative to
the redetermined standard values are more intemally consistent than those relative to the
original values. Consequently, the factors calculated reiative to the redetermined values were
used to correct the sample data.

As a test of the correction procedures, twelve samples of NIST standard SRM-982
were run. Fractionation factors for each isotope ratio for each SRM 982 standard run have been
calculated in the manner outlined above. Fractionation factors for the means of the twelve
analyses have been calculated relative to both the original certified values (Cantanzaro and
others, 1968) and the redetermined vaiues (Todt and others, 1993). The results relative to the
original certified values are more intemally consistent (bold line in Table A2-2). Agreement
between the standards is within 0.011% per AMU for 2’ Pb/”%Pb, 0.016% per AMU for
28ph2%Ph, and 0.033% per AMU frr 25Pp/24Ph,

Data Reduction

Raw Data are corrected for mass fractionation based on the analyses of the SRM 981
standards (Table A2-1) using the following equation (Ludwig, 1980):

R.=R,* (1+AM *F/100)



Table A2-2. Lead Isotoplc analyses of NIST standard SRM 982

Sample Temp *'Pb/™Pb’ % SE. *Pb/Pb’ %SE. “PbAPb %SE. _ E>Pb/ PV’ FOPL/Ph___F “pproPh?
Cerlified Values® 36.7390 0.0990 0.467070 0.0430 1.00016 0.0360

Redstermined Values’ 36.7537 0.0027 0.467003 0.0011  1.00016 »e

SRM 982-1 1144 36.6569 0.0021 0.466532 (0.0006 0.99792 0.0011  0.112 = 0.001 0.115 £ 0.001  0.112 £ 0.001
SHM 982-2 1207 36.6500 0.0041 0.466571 00017 099793 0.0023 0.121 £0.002 0.107 £ 0.002 0.112 +0.001
SRAM 982-3 1194 26.6676 0.0020 0.466648 0.0006 0.99842 0.0014  0.097 = 0.001 0.090 + 0.001  0.087 £ 0.001
SAM 982-4 1166 36.6427 0.0030 0.466530 0.0016 0.99787 0.0036 0.131 £0.002  0.116 + 0.002 0.115 1 0.002
SRM 982-5 1195 36.6564 0.0050 0.466643 0.0019 0.99833 0.0042 0.113 £0.003  0.092 + 0.002 0.092 1+ 0.002
SRM 982-6 1206 36.6668 0.0048 0.466686 0.0018 0.99857 00040 0.098 + 0.002 0,082 x 0.002 0.060 £ 0.002
SHAM 982-7 1192 36.6498 0.0054 0.466658 0.0012 0.99831 0.0020 0.122 £+0.003  0.088 x 0.001  0.093 + 0.001
SAM 982-8 1215 36.6302 0.0106 0.466778 00015 0.99855 0.0024 0.149 2 0.005 0.062 + 0.002 0.081 1 0.001
SRM 982-0 1222 36.6600 0.0031 0.466712 0.0013 0.09853 00026 0.004 + 0.002 0,077 £ 0.001 0,077 2 0.001
SRM 982-10 1193 36.6460 0.0030 0.466624 0.0011 0.99812 00021 0.127 £ 0.002  0.096 £ 0.001 0,102 £ 0,001
SRM 982-11 1197 236.6637 0.0028 0.466734 0.0006 0.99863 0.0007 0.103 £ 0,001 0.072 £ 0.001 0.076 £ 0.000
SAM 982.12 1197 36.6457 0.0027 0.4666280 0.0011 099818 0.0026 0.127 1 0.001 0.095 £ 0.001  0.009 £+ 0.001
SRM 982-13 1165 36.6471 0.0032 0.466542 0.0009 0.99789 0.0021 0.125 £0.002 0.112 £ 0.001 0.114 £0.001
SAM 982-14 1170 36,6381 0.0028 0.466487 0.0009 0.09759 0.0036 0.138 & 0.001 0.125 + 0.001  0.129 1 0.001
SRM 982-15 1166 36,6660 00023 0.466680 0.0010 0.99845 00020 0.100 + 0.001 0.084 + 0.001 0.086 z 0.001
SAM 982-16 1150 36.6687 0.0035 0.466653 0.0013 0.99831 0.0027 0.096 £ 0.002  ©0.089 + 0.001 0.093 + 0.001
SAM 982-17 1186 36.6663 0.0031 0.466617 0.0012 0.99824 00024 0.099 £ 0.002 0.097 = 0.001 0.096 + 0.001
Mean® 36.6549 0.0330 0.466631 00170 0.99823 00320 0.11520.017 0.094 £ 0,017 0.097 +0.016
Mean® 36.6549  0.0330  0.466631 _ 0.0170 0.99823 0.0320_ 0.135 £ 0.017  0.080 + 0.017 0.097 + 0.016

' Uncertainties are 1 standard error (1 S.E. = 1 sigma mean) in percent.

? Calculated fractionation factors in percenl per AMU for each ratio, uncertainlies are at 1 S.E. in percent.
Calculations are relative to the certified values of Cantanzaro and olhers, 1968, unless otherwise noted.

? Certitied values from Cantanzaro and olhers, 1968,
* Radetermined values from Todt and others, 1993, Calculations based on an assumed “*Pb/”*Pb = 1.00016.

5 Preferred values shown in bold. Uncertainties correspond to 1 sigma.

¢ Calculated retalive 10 the values of Todt and others, 1993, Uncenainties are 1 sigma.
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Where R, is the corrected ratio, R, is the measured ratio, F, is the calculated fractionation factor
as defined above, and AM is the nominal mass difference between the numerator and

denominator isotopes. Both the F, values and the correction factors (= AM * F,) for each

“isotope ratio are shown in bold type in Table A2-1. Aiso shown are the 1-sigma uncertainties
for both sets of values.

Precision for the mass fractionation-corrected data for individual mass spectrometry runs
listed in Table 2 is calculated at the 95% confidence interval (C.1.) using the equations given by
Ludwig (1980; 1994) with the following parameters: 3.2 times the measured standard error
{based on 4 blocks of data in each run) and the 2.05 times the 1-sigma uncertainty from the
average of the SRM-981 standard runs (Table A2-1; based on 20 runs). Weighted means
and uncertainties for data from individual samples are then calculated from the data for individual
runs also at the 85% C.I. '

Replicate Analyses

Three types of replicate samples were analyzed. (1) Blind duplicates were submitted
by USEPA. (2) Replicate acid-hydrogen peroxide digestions of the same sample were
performed in order to evaluate sample homogeneity as well as the reproducibility of the
digestion procedure {digestion replicates). These are designated by different suffix letters in
Tables 1 and A2-4 (e.g. 642B-A, 642B-B, 642B-C). (3) Replicate loads of the same
sample from a single chemical procedure (mass spectrometry replicates) were run in order to
evaluate the reproducibiliﬁr of the mass spectrometric procedures. These replicates are
designated by separate entries under a single sample number in Tables 2 and A2-3,

Two sets of blind duplicates were submitted by USEPA. These were the baseline
soil, samples 3-15653-B and 3-15654-B (EPA number SC-000650), and high-As-focal
samples 3-15650-B and 3-15651-B (EPA number S -00046). Results for the duplicates of
the baseline soil are in reasonably good agreement and in fact the variation between the two
samples is less than that found among duplicate acid digestions of sample 3-15654-B (Table
2). Results for the duplicate analyses of the high-As-focal sample are in agreement within
analytical uncertainty (**Pb/”*Pb = 17.801 = 0.009 and 17.789 = 0.009; Table 2).

Samples from most individual acid-digestions were run at least twice under acceptable
temperature and beam-intensity conditions outlined above (Table 2). Data were comrected for
mass fractionation and a weighted mean and uncertainty were calculated also as outlined
above.



Table A2-3, Lead isotopic compositions from replicate runs of
Sample 3-15642-B, Vasquez Blvd.-I70 Project

Sample/Lab No.' Temp 208py204pp2 207y, 2% pp2 208p,208pp?
3-15642-B

642B-A 1078  18.1958 = 0.0020%  0.85370 x 0.0006%  2.08992 x 0.0005%
642B-A 1188  18.2064 = 0.0031% 0.85404 z 0.0014%  2.09149 x 0.0024%
642B-A 1167  18.2260 = 0.0064%  0.85436 x 0.0023%  2.09344 = 0.0053%
642B-A 1194  18.2150 + 0.0093%  0.85402 = 0.0025% 2.09192 + 0.0045%
642B-A 1273 18.1949 £ 0.0045%  0.85359 x 0.0010%  2.08987 = 0.0012%
642B-A 1213 18.2196 = 0.0083%  0.85400 = 0.0025%  2.09185 = 0.0054%
642B-A 1191 18,2284 = 0.0127%  0.85371 x 0.0028%  2.09137 & 0.0044%
Mean-Al® 18.212 £ 0.075%  0.85392 &£ 0.031% 2.0914 + 0.059%
Mean-T=1140-1220° 18,219 + 0.049% 0.85403 + 0.027% 2.0920 + 0.040%

' Data are for separate loads of a single processed aliguot of sample 3-15642-B
2 Raw data uncorrected for mass fractionation. Corrected data are shown in Table 1,

Uncertainties for individual runs are 1 standard error in % (1 S.E. = 1 sigma mean)

3Uncenainties for means are 1 sigma in percent:
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Table A2-4. Lesd leotaplc data for replicate acid-digestions of selected solls samples from the Vasgquez Blvd.-170 Project,

Sample/Lab N’ Pb pprv Samplewiig)  TFO/o PR FP6roPD TPOTAPE i T 3 SPEFG
3156428 422

Maan 6428-A 0126 16.249 = 0.007 065471 3 0.00021 20953 & 0.0008 15568 + 0.009 38,237 + 0.029
Meant428-8 0.072 18.219 = 0.0 0.65570 x 0.00065 20962 & 0.0026 15590 & 0.038 36194 £ 0.126
Maang42B-C 0.092 10,243 ¢ 0.008 085511 = 0.00021 20960 & 0.0010 15600 + 0.012 38.237 = 0.038
Mean 6428 A-C . 19,242 1 0.020 0.6551 x 0,0008 20986 % 00006 15,609 + 0.007 28.235 = 0023
3-15644-8 a9

Mean 6448-A 0233 18.452 & 0.012 0.84521  0.00025 209683 + 0.0013 15595 2 0.014 30681 & 0.048
64408 0.255 16.497 + 0.017 0.84213 & 0.000368 2.0947 1 0.0018 15.577 2 0.0 30.748 & 0.008
644P-C 0.191 18.610 + 0.047 0.84048 + 0.00037 21133 £ 0.0019 15641 = 0.0 39.3268 ¢ 0.089
Mean 8448 A-C 16.62 « 0.20 0.9428 « 0.0061 2101 2 0.023 15,604 + 0.080 38.62 = 0.90
3-16654-B 101

MaanG54B-A 0.254 10.869 + 0.010 0.02784 £ 0.00021 20508 + 0.0010 15623 + 0.012 38.693 + 0.039
6548-B 0177 18459 1 0.017 084513 & 0.00037 20867 & 0.0018 15.600 = 0.029 30.550 + 0.060
6548-C 0.184 18454 & 0.017 084837 + 0.00037 20898 1 0.0010 15.619 + 0.021 38.564 x 0.068
6548-D 0.0708 10.496 = 0.017 0.84416 & 0.00038 2.0887 £ 0.0018 15614 = 0.029 38,633 i+ 0.069
854B-E 0.272 18.385 + 0.017 084836 & 0.00037 2.0894 + 0.0018 15597 + 0.021 38414 & 0.068
684B-F 0.219 10480 x 0.0N7 0.84481 £ 0.00036 2.08688 £ 00018 15595 : 0.021 30.554 = 0.0689
Moan 654B A-F 18.52 + 0.18 0.8428 = 0.0079 2.083 + 0.0N6 15810 £ 0.012 30,571 = 0097
Moan 6548 B-F 19.451 = 0.050 0.8458 1 0.0020 2.0000 = 0.0008 15,605 + 0.009 36.644 = 0.086
2-15655-B 151

Moan 8558.A 0.260 18.297 = 0.01 0.85249 = 0.00028 2.0894 & 0.0012 15590 = 0.014 30.231 = D.046
6558-8 0.152 1BH2 £ 0.017 085129 = 0.00037 2.086% + 0.0019 15589 = 0.0N 30.209 + 0.087
Moan 655B A-B 18,303 £ 0.073 0.8590 1 0.0073 2.0080 ¢ 0.0173 15505 = 0.011 38,224 = 0.037
2-15866-8 175

Mean 656B-A 0.208 18.480 + 0.010 084476 + 0,0002 20711 & 0.0018 15611 £ 0.012 308.274 £ 0.008
65¢8-8 0.204 17,9685 = 0.016 0086567 = 0.00037 20975 £ 0.0018 15569 = 0.021 37.722 £ D.0B7
6568-C 0.180 18572 x 0.047 0.84076 = 0.00037 20722 £ 0.0018 15814 = 0.0 38,483 + 0.088
6568-D 0.524 18402 = 0.M7 0.84755 + 0.00037 20728 * 0.0M8 155687 + 0.021 38.140 + 0.067
656B-E 0.60t 19426 + 0.017 0.84803 £ 0.00027 20705 & 0.0010 15600 + 0.021 20.151 ¢+ 0.067
Moan 8568 A-E 1897 = 0.20 0.849 & 0,011 2077 = 0.014 15589 + 0.021 3016 £ 0.94
Mean 6568 A, C-E 1847 = 0,12 0.8440 = 0004225 2.0714 = 0.001 15.607 = 0.008 L3926 £ 0.25
3-16657-D 1140

Mean 657A 0.133 17900 & 0.001 0.86944 = 0.00026 21125 + 0.0013 15563 » 0.014 37615 + 0048
a578-B 0,199 17.894 & 0.016 0.87011 + 0.00037 21136 + 0.0018 15.570 = 0.021 37.8621 = 0.067
Mean 6576 A-B 17.689 = 0.008 0.8698 = 0.0040 21120 2 0.0010 15,565 + 0.011 37,817 x 0.037
3-12162-8 1730

Wean 152A 1004 17614 = O.000 0.8810 + 00000 21198 = D.OCMY 15817 2 0.042 37.936 x 0.035
Mean 1528 0.269 17.699 + 0.008 0.8863 + 0.0003 2.0997 = 00010 15.542 2 0.012 a7.502 + 0.035
Mean 1520 0.593 17.788 ¢ 0.008 0.8736 = 0.0003 21084 & 0.0011 15507 + 0.2 37,498 = 0.035
Mean 1524-C 177 _« 0.38 0.674 « 0.016 2109 & 0.025 15.532 » 0.020 3747 = 031

1 Separale acid-digesiions of lhe same sample are Ksfed as ™A through ™-F"; Only the mean valires are shown when 2 or more

mass speciromater runs of the same subdampla were obtained.

Data are corrected for mass fractionalion based on analyses of NIST slendard SRM-981 {Table A2-1).
2 Pb concentralions provided by LUISEPA from acid digestions of splits of ihe samples.
3 Uncartainties are absolute and are i the 95% conlidnoce levet (Ludwig, 1960; 1994).
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Seven aliquots of one sample, 642B-A (3-15642-B), were run at a variety of
temperatures as shown in Table A2-3. Mean values of all three isotope ratios were calculated

for all data and only for those data run between approximately 1140°C and 1220°C as was

done for the SAM 981 standard (Table A2-1). The calculated analytical uncertainties for the
mean values are similar to those obtained for to those obtained for the mass fractionation
correction factors calculated from analyses of the SRM 981 standard (Table A2-1).

Samples 3-15642-B (422 ppm Pb}, 3-15644-B (39 ppm), 3-15654-B (110 ppm)
and 3-12152-B (1730 ppm) were acid-digested in triplicate in order to evaluate the overall
procedure and sample homogeneity. In addition, duplicate acid-digestions were performed on
samples 3-15655-B (151 ppm), 3-15656-B (175 ppm}, and 3-15657-B (1140 ppm). '
Significant isotopic variability was observed among samples 3-15654-B and 3-15656B, so
three additional acid digestions of these two samples were performed (Table A2-4).

Two of the samples with moderate 1o high Pb content (3-15642-B, and 3-15657-B}
show only minor variation in isotopic ratios among the data from replicate acid digestions (Table
A2-4}). In contrast, there is considerable isotopic vanation observed among replicate acid-
digestions of sample 3-12152-B.

Significant isotopic variation is observed among most of the samples with <200-ppm
Pb. Data from one acid digestion of sample 3-15654-B show anomalously radiogenic Pb
isotopic values whereas data for one from sample 3-15656-B show anomalously
nonradiogenic values. Data for sample 3-15644-B alsc show rather large varation (0.85% in
26ph/2Ph). These variations are not related to mass fractionation comections, but instead
represent real varniations induced either by the acid digestion procedures or as a result of
sample heterogeneity.

Some isotopic heterogeneity within urban soils is perhaps to be expected. Soils at an
individual site may be composed of a variety of natural and man made materials. The isotopic
compositions of soils low in Pb are subject to influence by even small amounts of “exotic”
material such as metal, solder, fertilizer, gasoline, etc. Such material may be randomly
distributed at a given site and even within a given sample at that site. For example, inclusion of
a single 0.0001 gram fragment of lead solder in a 1 gram sample of soil with 100 ppm Pb
would effectively double the lead concentration in that 1-gram sample. The Pb isolopic
composition would also be altered to the approximate average of that in the soit and that in the
solder. '

Samples higher in lead are generally much less sensitive to the effects of exotic
materials. For example, the same 0.0001 gram fragment of solder in a 1 gram sample of soil
3-15657-B (1140 ppm) would alter the apparent Pb concentration by less than 10 percent



and would have only about one-fifth the effect on the lead isotopic composition as in the former
case. Consequently, the variation in isotopic compositions observed among the replicate
acid-digestions of sample 3-12152-B is somewhat more difficult to explain. The results may
indicate that the high-Pb phase in this sample is very heterogeneously distributed within the

“soil. Altematively the results may indicate that there is more than one contarminant in the soil and
that they are either not uniformly distributed within the soil or that the acid-digestion procedure is
not completely dissolving at least one of the contaminants.

The inclusion of small amounts of exotic material appears to be responsible for the
atypical isotopic compositions of samples 654B-A (3-15654-B) and 656B-B (3-15656-B).
The data for these two fractions is included in Pb isotopic variation diagrams (Figure 1), but are
excluded from the mean calculations for the **Pb/”*Pb vs. Pb concentration diagram in Figure
2.

Method Determination Limit (Practical Quar!titation Limit)

The method determination limit (MDL) is defined as the lowest analyte concentration that
can be determined with a specified relative standard deviation Néndecasteele and Block,
1993). For concendration measurements, the method determination limit is generally 310 5
times the detection limit (Vandecasteele and Block, 1993). EPA often refers to the method
detemmination limit as the practical quantitation limit. [n the case of isotopic measurements,
where absolute concentrations are not measured, the definition is modified as the lowest ion-
beam intensity at which a specified relative standard deviation is obtained. The chemical
procedures employed pFior to mass spectrometry are designed to produce a purified Pb
fraction and thus io eliminate or at least minimize matrix effects. Consequently, the method
detemnination limit is equivalent to the instrument determination limit. The method
determination limit is defined as that intensity for **Pb (the least abundant isotope) below

~ which the one-sigma-rmean uncertainty in 2°Pb/2‘Pb exceeds +0.05%.

The method determination limit was determined as follows:

1. Seven aliquots of Pb standard solution (SRM-981) were loaded into the mass
spectrometer and run using the normal software routine, but were repeatedly run at a variety of
beam intensities.

2. Mean and standard erors (1 sigma mean) were caiculated for the data from the
seven runs at discreet beam intensity intervals. ,

3. The data were then plotted on a graph of relative standard deviation as a function of
24Pt beam-intensity (Figure A2-1). Best-fit curves were calculated for each of the seven
samples and the intensity at which the relative uncertainty equals 0.05% were calculated. The



method determination limit was then calculated from the mean of the seven samples as 3.7 +
0.2 x 10" amps (Table A2-5, Figure A2-1). Beam intensities for normal running conditions
are also shown in Figure A2-1 and are approximately one to two orders of magnitude larger
than the MDL (2.5 x 10™A to 2.5 x 10" A).
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Table A2-5. Summary of results for determination of the method

determination limit (practical quantitation limit).

Standard Run | coeff. a' coeff. b' r2 Minimum
Intensity®
SRM381-38-00 | -25.595 -0.86087 0.997 3.81 x10™
SBM281-39-00 | -30.038 -0.87641 0.995 3.98 x10™
SAM981-40-00 | -29.891 -0.87029 0.992 3.78x10™
SRM281-41-00 | -29.364 -0.85108 0.988 3,50 x 107¢
SRM981-42-00 | -28.378 -0.81856 0.983 341 x10"
SRM981-43-00 | -29.213 -0.84817 0.996 377 x 10"
SRM981-44-00 | -26.309 -0.75428 0.939 3.77 x 10
MEAN = MDL 3.7£02x10"

'Equations foliow a power law in the form Y = e* * X°, where y is relative uncertainty and

x is **Pb beam intensity in amps.

2 is the regression correlation coefficient. '
? The minimum intensity in amps for each standard is calibrated for a 1 S.E. uncertainty

of 0.05%.
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Figure A2-1. Percent Standard Error in 206Pb/204Ph vs. 204pp
beam intensity for seven analyses of NIST standard SRM 981.
Seven standards were run at a variety of beam intensities. Best-fit
curves (unweighted) through data for each standard are show. The
method determination limit (MDL) is defined as that 204Pb beam
intensity below which the 1S.E. for 206Pbh/204Pb exceeds 0.05%.
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